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ABSTRACT
The Differential Surface Refractameter (DSR) is an instrument recently
developed at the Gius Research Division of the Pittsburgh Plate Glass
Company to detact a.nd estimate the stress in the surface layers of glass by
nondestructive means. This work shows a correlation between the instrument
readings and experimental break strength data for glass of different camposi-
tions and configurations. In addition, the utility and some of the limitations

of the instrument are discussed.

This report has been reviewed and ig approved.

. P. CONRARDY, Chief
Materials Zpgineering Branch
Materials Applications Division
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INTRODUCTION

Numerous attempts have been made in the past to determine the strength
of tempered glass by nondestructive examination of the finished product.
The results of these attempts, however, were not ac¢curate énough to be of
practical value and, in general, the strength of glass had to be found by
the destructive testing of a large number of samples. With the development
of the Differential Surface Refractometer, we believe the nondestructive
evaluation of the strength of tempered glass is now possible.

The breakage of glass takes place under tension, and in general, the
degree of tension required to cause failure is controlled by the presence of
surface flaws. The surface condition has a considerablé influence on the
strength of glass; the stability of glass is. dependent upon the magnitude
and distribution of these surface flaws so that under ordinary conditions, the
strength of a piece of glass is determined by the stréngth of its surface.
The dépendence of strength on the distribution of flaws explains. the large
variations obtained in .any determination of the modulus of rupture. Due to
this variation, the strength of glass is a property which has a meaning only
in a statistical sense. Hence, in this sense, the strength of annealed glass
of a given production process can be expréssed in terms of a critical or
basic ténsile stress. The tempering of glass causes the surface to be
placed in a state of compression which has to be overéome before the glass
surface can be subjected to a ténsile stress of sufficient magnitude to
cause failure. As a result, the strength of glass is increased by the
presence of compréssive stressés on thé surface. This strength or modulus
of rupture of témpered glass may be assessed as the :sum of the basic strength,
i.e., the stress requiréd to cause failure in the absence of compressive
forces on the surface, plus the ¢ampressive stress induced by the tempering
process. Therefore, with a knowledge of the basic strength, the ability to
measure the degree of surface compréssion present 6n glass by nondestructive
meéans would provide a method of determining glass strength:

Among the optical methods investigated over the past decade for the
nondestructive evaluation of the strength of témpered glass, surface refrac-
tometry was found to be particularly well suited for the quantitative measure-
ment of the surface compression of tempered glass. The Differential Surface
Refractometer (DSR), an instrument based on the principles of surface
refractometry(l , Was recently developed at the Pittsburgh Plate Glass
Campany, Glass Research Center, expressly for»this purposé. After suitable
calibration, the DSR is capable of measuring the degree of surface campression
present on tempered glass directly in pounds per square inch.

The primary intent of this report is to show a correlation between the
DSR and the strength of glass of various compositions and configurations
through the use of experimental break strength data obtained in the laboratory.
Specifically, the following tsble lists the types and thicknesses of glass
that were investigated:

Manuscript released by the author 5 June 106G for publication as an RID
Technical Documentary Report.
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Thickness Degree of Temper
in Inches None (Annealed) 1/2 3L Il
1/10 to 3/16 ) E - - D and
3/16 A A A A
1/4 A and B A and B A and B A and
1/2 A and B A and B Aand B A and
3/ A - - A
Legend: Type of Glass
A - Type I MIL.G-25667, polished plate glass obtained fram Pittsburgh
Plate Glass Company.
B - Alumino Silicate, high strain point glass No. 6695 obtained from
Pittsburgh Plate Glass Company.
D . Chemcor, code 0311l glass obtained from Corning Glass Company.
E . Herculite II, No. 7265 glass obtained fram Pittsburgh Plate

TABLE 1
GLASS TYPES INVESTIGATED

Glass Campany.

In addition, the utility and same of the limitations of the DSR were
determined. . . " : . .

CORRELATION REQUIREMENTS

In order to correlate the readings of the DSR with the strength of
tempered glass 1t is necessary to determine the following information for
each glass type listed in Table 1:

(1)
(2)

(3)

(4)

The DSR calibration value for the glass.

The basic strength of the glass, i.e., the strength of <he
~glass in the annealed state.

The degree of surface ccampression present on the tempered
glass by means of the DSR readings.

The breasking strength, or modulus of rupture, of the tempered
glass.

From this data we would want to show the following equation to be valid
within the limits of experimental accuracy:

{ Basic } . { DSR Reading of }g {Modulus of
Strength Surface Compression Rupture

]

o &



Of course, the three components of thls equation are to be interpreted
statistically and each component would represent the mean result obtained
in the examination of a number of samples.

PROCEDURE

Adsptation of the DSR to Other Glass Types

Since the DSR was originally designed to operate specifically on plate
and sheet glass of a given index range, some slight changes were required in
the basic design of the instrument to extend its use to the other glass types
investigated in this work. This was necessitated by the different indices
and/or the magnitudes of stress vwhich are characteristic of the other glass
types. As & result, three different instruments were used in this study.

The basic design, the DSR, was used on Type I MIL.G-25667 glass (polished
plate); the Modified Differential Surface Refractometer-I, or MDSR.I, was
used for the measurement of surface compression on both Chemcor and Herculite
II; and, the MDSR-II was used for the examination of the Alumino Silicate
glass.

Calibration

The DSR, suitably modified for each glass type when required, was
calibrated by subjecting fully tempered semples to mechanical beam loading.
Loading was applied in suitable increments; at each load increment, a
corresponding reading of the DSR instrument was made. The DSR reading was
compared with the induced stress calculated fram beam bending theory. From
ttis data, the surface compression of the sample at zero load was estimated
using the method of least squares. Dividing the value obtained for the
surface compression at zero load by the DSR reading for the same condition
gives the instrument's calibration value, K, in psi per micrometer eyepiece
unit, for each sample,

In addition, the stress.optic constant for each glass type was determined
by measuring the difference between the surface refractive indices, n, and
n,, for light polarized parallel and perpendicular to the surface of the
stressed sample, respectively. The stress.optic constant C, in psi per unit
birefringence, is given by

C =0 /n, - n,

where g is the surface laminar stress.

The difference n, - n, used to calculate the stress-optic constant is
measvred directly with the DSR. This direct measurement of n,, - n, is more
accurate, to at least an order of magnitude, than the measurement of n, and
n, separately and then forming the difference. The separate surface indices
wvere also measured, however, to give an indication of their relative values.

These results are summarized below in Table 2.
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TABLE 2
SUMMARIZED MEAN CALIBRATION RESULTS

rCalibration Stregs-Optic
Surface | Value, K, Constant#*¥, Surface
Stress |psi/Eyepiece|Standard c, psi/Unit Indices
Glass Type | Instrument Unit Deviation| Birefringence| Iy, n,
Type I DSR 60.18# 0.41 5.4 x 107 |1.5246 1.5250
MIL-G-25667
Chemcor MDSR-I 173.4 * 13. L.h x 107 |1.5121 1.5130
Alumino MDSR-II 167.2 * 2.5 5.8 x 107 |1.5576 1.5580
Silicate
Herculite II| MDSR-I 189.3 * 11. 5.0 x 107 }1.5142 1.5153

*The relative differences in the magnitudes of the calibration values listed
here are, to a great extent, accounted for by a difference of telescope power
between the DSR and its modified forms.

##The stress.optic constants listed here represent values obtained by examining
the surface layers of each type glass. These values may be different from
those obtaired by examining the bulk material. This would be especially tirue

for Chemcor and Herculite II.

The methods used in determining the surface refresctive indices and their
differences, and the details of the calibration procedure are contained in
Appendix I. Detajled results are listed in Table 6 of Appendix I.

Sample Preparation

All specimens, with the exception of Chemcor, were made fram regular
production glass from the Pittsburgh Plate Glass Company. The cutting was
handled by normal plant methods with an added stipulation that all cutting
b2 made from the same surface. These samples were tempered at the Glass
Research Center in accordance with Table 1. No edge work was performed on
these samples. The Chemcor samples were obtained fully tempered from the
Corning Glass Company. These samples were received with the edges ground
to a rounded contour.

, In general, 25 specimens were prepared for each category listed in
Table 1. Approximately twice this amount, however, were prepared for the
testing of the Chemcor and Herculite II glass types.

The glass surfaces were carefully protected against mechanical damage
during preparation of the specimens and during measurements. Paper was
placed between each sample and its neighbor in order to avoid surface defects
from glass to glass contact. The thickness was measured at the corners
without touching the central portion of the specimen. Width measurements,
vhen required, were taken with equal care.
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Surface Compression Via DSR Readings

DSR readings were madé in thé center of each tempered sample on the
surface with the cutter marks. The surface on which the DSR readings were
made was the side that would be under éompression during the destructive
tests. This was done in order to eliminate the possibility of affecting the
results of the destructive testing by ¢ontacting, and possibly damaging,
the side to be placed under tension. It was assumed that the surfdace stress
in the central portion of each sample would be essentially isotropic and
equal from side to side. No less than four, and in general, five readings
were made on each sample and the average value was used, by means of the
calitration value, to detérmine the siurface compression in psi.

Center Tension Measurements

"Although not required in this investigation, cénter tension measurements
were made to provide :additioral information for those accustomed to .gaging
the degree of temper by this means. -Measurements were made using a quartz
wedge graduated to read relative retardation in-millimicrons.. For the
strips, 3 x 13 in., the measureménts were made across the width in the center
of each sample. The square samples were measured -across diegonally opposite
corners, along a 2 in. optical path for the 6-1/8 in. ‘squares, and along
g 4 in. optical path for the 12.1/4 in. square samples. The L in. ‘squares of
Chemcor and Herculite II were measured through the whole width of the samples.
This data was converted t6 psi by using the following c¢onversion factors
ovovided by the manufacturers.

_ TABLE3
BIREFRINGENCE CONSTANTS
- 7 Manufacturer and Birefringence Consteant
Giass Type Codé uumoer A o pSi/mmu/in;,
Type I MIL-G-25667  PPG Polished Plate 2.13
Chemcor Coérning 0311 2.28
Atumino Silicate PPG 6695 2.17
Herculite II PPG 7265 2.26.

Using this information of the center tension and the values obtained
for the surface compression via the DSR, the ratio of the surface compression
to the center ténsion was calculated for each type glass in their various
states of temper. These results are summarized in Table 4. More detailed
information is contained in Appendix II, Individual Testing Results.

Destructive Strength Tests

The strength of the annealed and tempered specimens was measured by
either a modified beam loading method or a concentric ring method. Both of
these testing methods have been in use at the Glass Research Center for the
past 15 to 20 years. The beam loading method involves loading to breakage,




rectangular specimens simply supported near each end and loaded at two
points symmetrically placed about the center. In the concentric ring
method, a square plate ig loesded by a circular member which moves coaxially
to a support ring. The details of these methods are contained in Appendix I.

DESTRUCTIVE STRENGTH TEST RESULTS AND CORRELATION

Results

The results of the destructive strength tests and the results of the
mesasurements of the surface ccmpression and center tension are summarized in
Table 4. The results listed in this table indicate that the principle of
surface refractametry, as used in the DSR, the MDSR-I, and the MDSR-II, to
measure surface compression of tempered glass is capable of predicting the
breeking strength to within #10% for seventy per cent of the samples tested
and to within #15% for the entire testing program. The average of the
percentage deviation from breaking stress is -2.6% with the sign of the
deviation taken into account. The mean of the absolute values of the per
cent deviation, however, is 8.1%.

Tables of individual testing results are contained in Appendix II.

Discussion of Results

The sgreement of the equation
Basic },, { DSR Reading of n} _ {Modulus of
Strength Surface Compressio Rupture

to within 10% certainly indicates the validity of surface refractmmetry, as
exemplified in the stress instruments used in this study, as a means of
assessing the strength of tempered glass. With instrumentation of this

type, it is now possible to specify a=d control the strength of tempered
glass of a given production process without tiic need of extensive destructive
testing. That is, once a DSR instrument has been callbrated for a particular
glass and the basic strength of this glass determined, this report shows that
the strength of the tempered product can be determined nondestructively with
statistical certainty.

CONCLUSIONS

The Differential Surface Refractameter, an instrument based on the prin-
ciples of surface refractometry, and modifications of this instrument ss
required to extend its usefulness to other glass types, is capable of deter-
mining the magnitude of the surface compression, in psi, present on tempered
glass by nondestructive means. Since the strength of glass is dependent upon
the strength of its surface, this ability to measure the surface campression
of tempered glass enables one tc assess the strength of this glass without
the need for destructive tests.




This report has demonstrated the correlation of the DSR readings with the
strength of tempered glass of four different compositions in & veriety of con.
figurations. Specifically, the glass types and the stress instruments which

were correlated are:

Type I MIL-G-25667 glass, PPG Polished Plate, and the DSR;
Chemcor Glass, Corning Glass Company Code 0311, and the MDSR-I;
Herculite II Glass, PPG No. (265, and the MDSR-I;

Alumino Silicate, PPG No. 6695, and the MDSR-II.
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TABLE &4
SUMMARIZED DESTRUCTIVE STRENGTH TEST RES!

Silicato,
3ilicate,
3ilicate,
Silicate,
Silicate,
Slliclto,

1/2 Teaper
1/2 Teaper
/% gcupcr
eaper
Full Teaper
Full Teaper
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CR - Concentric Ring Method, numbers following CR indicate the dliameter
Beaa - Beam Losding Method, nuabers following Beaa indicate stress span

Annealed
Annealed
Annealed
1/2 Teamper
1/2 Teaper
1/2 Teaper
Teapar
3/“ Teaper
3/4% Teaper
Full Teaper
Full Tesmper
Full Teaper
Pull Teamper

Nuaber Nuaber
of of Mean
3aamples kdge Testing Center
na.tﬂ_ Sample Size Method Iension ¢
Z& 0 1710 x b x & CR 1-1/2 x 3 6530
0 1710 x b x & CR 1-1/2 x 3 30
51 0 1710 x b x & CR 1-1/2 x 3 6950
2 0 3/16 x 6-1/8 x 6-1/8 CR3x6
2 0 i/ x 6-1/8 x 6-1/8 CR3x6
29 16 1/2 x 6-1/8 x 6-1/8 CR3 x6
- - Saze dats as above but neglecting edge breaks
22 l 3/# x 6-1/8 x 6-1/8 CR 3 x6
- - Same dats as above but neglecting edge breaks
29 0 1/2 x 12-1/% x 12-1/L CR 6 x 12 239
31 L 3/% x 12-1/% x 12-1/4 CR 6 x 12 311
28 0 3/16 x 6-1/8 x 6-1/8 CR3x6
25 0 1/% x 6-1/8 x 6-1/8 CR3x6 L2690
25 0 1/2 x 6-1/8 x 6-1/8 CR3Ix6 4310
26 0 172 x 12-1/% x 12-1/4 CR 6 x 12 80
25 0 3/16 x 6-1/8 x 6-1/8 CR3Ix 6
26 0 1/% x 6-1/8 x 6-1/8 CR3x6 6430
27 0 1/72 x 6-1/8 x 6-1/8 CR3x6 5090
27 0 1/2 x 12-1/% x 12-1/4 CR 6 x 12 5820
27 o] 3/16 x 6-1/8 x 6-1/8 CR3x6 6870
25 0 /4 x 6-1/8 x 6-1/8 CR3x6 7160
26 3 1/2 x 6-1/8 x 6-1/8 CR3x6 7850
- - 3ame data as above but neglecting edge breaks
25 7 3/% x 6-1/8 x 6-1/8 CR3x6 8190
- - 3ame data as above but neglecting edge breaks
25 0 1/2 x 12-1/% x 12-1/4 CR 6 x 12 g
26 0 3/ x 12-1/% x 12-1/% CR 6 x 12 100
25 0 1/ x 6-1/8 x 6-1/8 CR3x6 225
22 0 1/2 x 6-1/8 x 6-1/8 CR3x6 343
22 o] 1/ x 6-1/8 x 6-1/8 CR3x6 3950
21 0 1/2 x 6-1/8 x 6-1/8 CR3x6 3480
20 o 1/4% x 6-1/8 x 6-1/8 CR3x6 5190
21 0 1/2 x 6-1/8 x 6-1/8 CR3x6 5540
21 (o] 1/% x 6-1/8 x 6-1/8 CR3x6 7750
21 0 172 x 6-1/8 x 6-1/8 CR3Ix6b 7400
31 6 3716 x 3 x 13 Beaa 4% x 12 147
28 13 1/% x 3 x13 Beaa 4 x 12 142
28 11 x 3 x13 Beaa b4 x 12 256
2 25 3/# x3x13 Beaa 4 x 12 171
2 12 3/16 x3x13 Beaa &% x 12 4030
25 21 x 3 x13 Beam 4 x 12 4030
25 16 1/2 x3x13 Beam 4 x 12 4360
25 11 3/16 x 3 x13 Beam 4 x 12 5320
25 2k x3x13 Beam &4 x 12 5230
27 17 x3x13 Beaa 4 x 12 5290
23 20 3/16 x3x 13 Beaan 4 x 12 7700
25 23 x3 x13 Beaa 4 x 12 7330
- 25 13 1/2 x 3 x13 Beam 4 x 12 8eko
26 15 /v x 3 x13 Beaa 4 x 12 9640

of the rings in inct
and load span in inc
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TABLE &4

TRUCTIVE STRENGTH TEST RESULTS AND CORRELATION

Mean
Testing Center
cA 1-1/2 x 3 6530
CR 1-1/2 x 3 30
CR1-1/2 x 3 6950
CR3ix6
CR3Ix6
CR3Ix6

1eglecting edge breaks
CR3x6

1eglecting edge breaks
CR

6 x 12 235
CR 6 x 12 311
CR3x6
CR3x6 4060
CR3I x6 4310
CR 6 x 12 80
CR3Ix6
CR3x6 6430
CR3x6 5090
CR 6 x 12 5820
CR3x6 63870
CR3x6 7160
CR3Ix6 7850
0glecting edge breaks
CR3Ix6 8190
leglecting edge breaks
CR 6 x 12 gu&o
CR 6 x 12 100
CR3x6 225
CR3Ix6 343
CR31x6 3970
CR3x6 3480
CR3x6 5190
CR3x6 5540
CR3Ix6 7z50
CR3x6 7400
Beam 4 x 12 147
Beam 4 x 12 142
Beam b x 12 256
Beaa x 12 il
Beaa 4 x 12 L4030
Beama 4 x 12 L4030
Beam &4 x 12 4360
Beam & x 12 5320
Beam b x 12 5230
Beaa & x 12 5290
Beaa 4 x 12 7700
Beaa % x 12 7320
Beam 4 x 12 8640
Beaa & x 12 9640

Mean

Surface

sonpression

L5770
56970

9370

9380~

10570
11700
11860
13080
17160
17210
21430
26830

.ameter of the rings in inches.
‘S span and load span in inches.
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105%0
17980
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23510
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27090
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30780
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31930
32060
36930
32610
35990
10920

3tandard

Deviation

7230
2780
6540
2310
2080
3090
2430
4020
4150
1200
2890
3130
2560
”h310
2150

3240
3690

Basic 3trength
Plus Surface

—xompression

71300

18700
19070

20660
21180
25170
23300
23650
25290
26570
26910
29740
31180
33350
29550
33940

21260
e
28370
12070
34050

20610
18 80
22980

22640
20910

25490
28100
26260
33840

33500
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TABLE 4

SUMMARIZED DESTRUCTIVE STRENGTH TEST RESULTS AND CORRELA]

Mean
Testing Center
Sample Slze Iensiopn
/10 x & x & CR 1-1/2 x 3 6530
1710 x b x & CR 1-1/2 x 3 30
1/10 x b x L CR 1-1/2 x 3 6950
3/16 x 6-1/8 x 6-1/8 CR3x6
/% x 6-1/8 x 6-1/8 CR3x6
1/2 x 6-1/8 x 6-1/8 CR3x6
Same data as above but neglecting edge breaks
3/ x 6-1/8 x 6-1/8 CR3x6
Same dats a3 above but neglecting edge breaks
172 x 12-1/% x 12-1/% R6 x 12 235
3/% x 12-1/% x 12-1/% CR 6 x 12 311
3/16 x 6-1/8 x 6-1/8 CR3x6
1/% x 6-1/8 x 6-1/8 CR3x6 L4060
1/2 x 6-1/8 x 6-1/8 CR 2 x 6 L310
12-1/% x 12-1/4% CR 6 x 12 80
3/16 x 6-1/8 x 6-1/8 CR3x6
x 6-1/8 x 6-1/8 CR3x6 6430
1/2 x 6-1/8 x 6-1/8 CR g x 6 5090
1/2 x 12-1/% x 12-1/4 CR 6 x 12 5320
3/16 x 6-1/8 x 6-1/8 CR3xé 6870
x 6-1/8 x 6-1/8 CR3x6 7160
1/2 x 6-1/8 x 6-1/8 CR3x6 7850

3aae dats as adove but noﬁlccting edge breaks
3/4 x 6-1/8 x 6-1/8 CR3x6 8190
3aae dats as sbove but neglecting edge breaks

1/2 x 12-1/% x 12-1/% CR 6 x 12 guko
3/ x 12-1/% x 12-1/% CR 6 x 12 100
1/ x 6-1/8 x 6-1/8 CR3x6 225
1/2 x 6-1/8 x 6-1/8 CR3x6 343
1/ x 6-1/8 x 6-1/8 CR3x6 3950
1/2 x 6-1/8 x 6-1/8 . CR 3 x 6 3480
1/ x 6-1/8 x 6-1/8 CR3x6 5190
1/2 x 6-1/8 x 6-1/8 CR3x6 5540

x 6-1/8 x 6-1/8 CR3Ix6 7Z50
172 x 6-1/8 x 6-1/8 CR3x6 7400
3716 x 3 x 13 Beag 4 x 12 1L7
7k x 3 x 13 Beaa 4 x 12 1k2
172 x 3 x 13 Beaa 4 x 12 256
3/ x 3 x 13 Beam b4 x 12 171
3/16 x 3 x 13 Beaa 4 x 12 4030
1/k x 3 x 13 Beaa 4 x 12 4030
172 x 3 x 13 Beaa 4 x 12 4360
3/16 x 3 x 13 Beaa 4 x 12 5320
1/ x 3 x 13 Beaa b x 12 5230
1/72 x 3 x 13 Beaa 4 x 12 §290
3/16 x 3 x 13 Bean 4 x 12 7700
17k x 3 x 13 Beaa 4 x 12 7350
1/2 x 3 x 13 Beaa 4 x 12 8640
/% x 3 x13 Beaa 4 x 12 9640
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of the rings in inches.
and load span in inches.

Me

Suy
Mean ¢
3urface Cet
sompression  _R;
45770 7.
56970 8.
8680
98& 2 .
9240 2.
9920 2.
11160
15900 2.
125490 2.
12910 2.
15270 2.
17300 2.
18980 2.
23770 2.
18810 2.
23370 2.
10340 2.
10920 3,
13610 2.
17500 3.
21150 2.
23080 3.
9350 2.,
9380 2.
10570 2.1
11700 2.:
11860 2.:
13080 2.1
17160 2.:
17210 2.°
21430 2.k
26830 2.7
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STH TEST RESULTS AND CORRELATION

Mean
Surface 4 Deviation
Mean Mean on Mean Basic 3trength from
Center Surface Center Breaking Standard Plus 3Surface Breaking
soapression _Ratlo  _Stress  Deviatjon Rapge _Coppression
6530 45770 7.07 51180 7230 28200
30 14330 2780 11300
69590 56970 8.21 67010 6540 L0000 71300 + 6.4
10020 2310 9600
9270 2080 8900
7933 3090 9800
2 breaks 10762 2430 2000
7410 4020 15400
: breaks 9580 L4150 14700
235 10740 1200 4900
311 10570 2890 10200
8680 17980 3130 13000 18700 + 4.0
L4060 3800 2.4] 21980 2560 9800 19070 -13.2
L4310 9240 2.1% 23420 k310 16900 20000 -1k.6
80 9920 2.22 23510 2150 7900 20660 -12.1
11160 22040 2620 J1k00 21180 - 3.9
6430 15900 2.47 29369 go 14100 25170 -14.3
5090 12540 2.47 27090 g 0 14600 23300 -14.0
5820 12910 2.42 27460 11500 23650 -13.9
15270 2.22 2635 3280 13000 25290 - 4,1
7160 17300 2.k2 0 2480 10100 26570 -13.7
7850 18980 2.32 29920 IEE 27400 26910 =-10.1
! breaks 31930 5 15400 29740 - 6.9
8190 23770 2.90 32060 11190 35800 31180 - 2.8
: breaks 36930 7640 28400 33350 - 9.Z
5 6] 18810 Z.Eg 32610 335¢C 14600 29550 - 9.
100 23370 2. 35990 ?%30 12000 33940 - 5.7
225 10920 o) 7200
343 10970 1289 000
39&0 10340 2.61 19350 1830 500 21260 + 9.9
480 10920 3.1k 20790 2180 7300 21890 + 5.3
5190 13410 2.58 24340 1780 7600 22&30 0.1
540 17500 - 3.19 25690 3500 12000 70 +10.8
Z 21150 2.73 30630 2220 10700 32070 + 4.7
23 3.12 30250 3410 14200 34050 +12.6
1#7 10940 2610 10400
1k2 9050 1920 7200
256 12410 2260 11000
171 6670 k10 16400
L4030 9370 2.31 21570 2080 7800 20 10 - 5.9
4030 . 9380 2.33 20250 2780 10500 go - 9.0
L3 0 10570 2.42 21470 2510 1l 229 + Z.O
5320 11700 2.19 23750 2750 11100 22640 - 4.7
5230 11860 2.27 20360 2630 10700 20910 + 2.7
5290 13080 2.7 24590 3230 15900 25290 + 3.7
7700 17160 2.22 27040 2190 9700 28100 + 3.3
7%20 17210 2.&2 23700 2800 9700 26260 +10.
8640 21430 2.48 30860 3240 13100 33840 + g.7
9640 26830 2.78 36500 3690 16300 33500 - 8.2

rings in inches.
id span in inches.

8



STUDY CF LIMITATIONS

The limitations of the DSR, in its basic design, with respect to the
effects of curvature, waviness, edge proximity, and surface finish were
determined by direct examination. Initially it was assumed that glass
camposition would not affect the limitations of the DSR and this work was
carried out using only Type I MIL-G-25667 glass. However, in the extension
of the basic design to the other glass types, especially Themcor and Herculite
II, there is reason to believe that the limitations of the DSR may not, in
general, apply to the MDSR-I and MDSR-II instruments.

Curvature

The limitations of the DSR with respect to surface curvature were
determined on four basic surface types: (1) concave cylindrical; (2) convex
cylindrical; (3) concave spherical; and (L) convex spherical. In the case
of c¢ylindrically bent glass the limitations must be established for two
orientations, one, when the cptical axis of the instrument is oriented
parallel to the cylinder axis, and the other, when the optical axis is
orient @ perpendicular to the cylinder axis. Thus, a total of six cases
have teen studied.

The limiting radius for each case was based on the quality of the stress
image observed in the DSR telescope, i.e., the point at which the image
quality deteriorates to a degree sufficient to affect the readability of the
instrument. Also, the radius of curvature at which the stress image disap-
pears, or becam.s impractical to read due to large variations, was determined
in each case. The results of this study are listed in the following table:

TABLE 5
CURVATURE LIMITATIONS
Surface Ry Ro

Concave Spherical 175 in. 100 in.
Convex Spherical 250 in. 125 in.
Concave Cylindrical parallel to Axis £5 in. ¥
Concave Cylindrical perpendicular to Axis 200 in. 150 in.
Convex Cylindrical parallei to Axis 1 in. 5 in.
Convex Cylindrical perpendicular tc Axis 150 in. 100 in.

Legend :

Ry - Radius of curvature at which stress imege quality tegins to
deteriorate.

Rs - Limiting radius of curvature

% _ This limit has not been estal’“shed but would be less than 5.




At the limiting radius, Kz, the stress image may be poor, tut it is
gtill poscitle to determine the swiate stress with a zeaanab e amount of
accuracy. Beycnd thies point, the stress readings became Impractical w;bh
the DSR in its present desigrn. The term "reasonatlie amount of accuracy” is
relative and may be given mcre meaning when considered in light of the

following remarks.

When several readings are taken with the DSR at ~ne location on a flat
sample of fully tempered glass, a variation in the readings of 2-3% is
normal. In the above work cn curved surfaces, when the variation in readings
approached 10-15%, the author considered this to be "reasonably accurate"
Beyond this point, the usefulness of the DSR, in its present design, would
have to be determined by the application.

The variation in readings is not affected by a deterioration cf the
stress image as much as by a tendency tc wobtle or rcixk on the curved surfaces.
This rocking can be correcied by proper changes in the design of the DfL
instrument.

Other Limitations

The limitations of the DSR with respect to waviness, edge proximity,
and surface finish were determined for flat samples only. These results are
sumnarized below.

Waviness: This will not be a problem in the use of the DSR on airco-aft
quality glass since the waviest sheet glass is readable.

Edge Proximity: The limitaticn on edge proximity is the prism contact
length, 1.e., as long as the length of the prism is in contact, readings
may be made at the edge of a sample. When maxking readings at an edge,
however, it must be remembered that the stress is no longer isotropic in this
region and that the stress instrument reads the surface stress in a direction
90° to its optical axis.

Surface Finish:; Short finish presents no problem - as the DSFR is
capable of reading <hrough surfaces grcund to a matte finish with 800X
abrasive.
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ETAILED PROCEDURE

CALIBRATION

Calibretion Methods

Type I MIL-G-25667: The calitration of the DSR for Type I MIL-G-25667
glass (polished plate) was determined by subjecting 10 fully tempev~d samples,
of size 6 x 24 x 1/2 in., to beam bending using a Baldwin Testing Machine.
Each sample was simply supported, with a load span of 22 in. a . a stress
span of 6 in., in such a manner that the surface which would experience the
tension during the test was in a convenient position for examination with
the DSR. The DSR was placed on the sample in the area over the 6 in. stress
span and oriented to detect the resultant surface stress due to loading.

The DSR reads the surface stress in a direction 90° to the optical axis of
the instrument. At zero load the DSR reading corresponds to the magnitude
of the surface compression introduced during the tempering process. Loading
was applied in suitable increments until “he surface being examined was in
tension: the degree of this tension was held to & level below the expected
rupture point in order to avoid sample failure. At each ioad increment,

the corresponding DSR reading was noted by taking several measurements.

The average DSR readings were then plotted against the surface stresses
calculated fram beam bending theory, see Calculation of Bending Stresses,
Appendix I. From this data, the surface compression at zero load was
determined by passing a line of least squares through the points recorded.
This value obtained for the surface compression at zero load divided by the
DSR reading for the same condition produced the calibration value, K, in
psi per micrameter eyepiece unit for each sampie. The data for a typ.cal
sample is illustrated in Figure 1. The linear relationship between ihe
surface compression and the DSR reading is quite evident in this illustration.

The results of examining these ten samples of Type I MIL-G-25667 glass
determined the mean calibration value of the DSR for this glass to be 60.18
psi per eyepiece unit with a standard deviation of 0.4l. The stress.optic
constant, C, was found to be 5.4 x 107 psi per unit birefringence. This is
an average result for the ten samples.

The pertinent data of the calibration study for this and the other glass
types is contained in Table 6. Figures 1 through 4 illustrate the linear
relationship between the surface stress and the DSR readings for each type
glass.

Chemcor: The characteristics of this glass differ greatly from those
of polished plate for which the basic DSR was designed. Therefore a different
version of the DSR was required to measure the surface campression of this

glass. This version is termed the Modified Differentiasl Surface Refractometer.l

or MDSR-I. Aiso, due to the sample size and thickness limitations at the
time this glass was procured, a considerably smaller sample in compariscn
to the sample size of 6 x 2k x 1/2 in. used for polished plate, was used in

ps




- Applied stregs,
- psi : Mean DSR

22,00 Y Applied Stress-PSI Reading-Drum Divisions
. 0 303.0
1823 268.3
20,00 3646 233.8
5469 204.5
7292 179.0
9115 148. 8
18,000 10940 116.3
12760 90.5
14580 64.5
16410 26.0
16, 000 18230 T 1.0
20050 T 28.2

Calibration Value K = 18, 223

303.0 60.14

14,000}

12,000

Line of Least Squares

10,000~
y = -61.25x + 18,223

8000

6000 -

4000 P~

2000 |

i % 66— T% T

Ten:i_on (.Zgrmpreuion PSR Readings, Micrometer Drum Divisions.

Figure i - Representative Calibration Results for Type 1 MIL-G-25667 Glass
(Polished Plate).
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Appli

si
the calibration procedure. The size was nominally 2 x 7 x 1/8 in. Twenty P

samples of fully tempered Chemcor were examined by subjecting them to beam
bending with a load span of & in. and a stress span of 2 in. Loading was
applied using & Instron Testing Machine. Due to the small sarple thicknesg,
it was not possible to continue taking MDSR-I readings until the surface
was placed in tension as was done in the calibration of Type I MIL-G-25667
giass. The sample curvature became excessive after atout 2/3 of the
surface compression was removed by loading with a subsequent deterioration
in the quality of the stress image. As a result of this deterioration,
loading had to be discontinued before the surface was placed in tension.
Consequently, the surface compression at zero load had to be determined hy
extrapolating the line of least squares for the points recorded. This need
to extrapolate introduced a greater variation in the results as evidenced by
e larger standard deviastion in comparison with the resulis for Type I MIL.G.
25667 glass. The results of examining these twenty samples of (hemcor glass
determined the mean calibration value for the MDSR-I to be 173.4 psi per
eyepiece unit with a standard deviation of 13. The stress optic constant, C,
for the surface layers of this glass was fcund to be 4.4 x 107 psi/unit
irefringence.

As in the case of the Type I MIL.G-25667 glass, there is a strong linear
relationship between the surface compression and the MDSR-I readings for
Chemcor glass, see Figure 2.

Alumino Silicate: The characteristics of this glass also differ from
those of polished plate to & degree sufficient to require s different version
of the DSR in order to measure the surface campression. This model is termed
the Modified Differential Surface Refractometer.II or MDSR-II. Otherwise
the calibraticn procedure was identical to that described for the calibration
of Type I MIL.G-25667 glass. Ten fuily tempered samples 6 x 2k x 1/2 in.
wvere examined. The mean calibration value of the MDSR-II for this glass was
determined to be 167.2 psi per eyepiece unit with a standard deviation of
2.5. Figure 3 contains an illustration of the calibration results of a
typical sample.

Herculite II: The same version of stress instrument as used on Chemcor,
the MDSR-I, was used in determining the calibration value of this glass.
The same procedure and technique as used with the Chemcor glass was applied
here. Twenty samples, 2 x 7 x 3/16 in., of fully tempered Herculite II were
examined. The mean calibration value cof this data is 189.3 psi per eyepiece
unit with a standard deviation of 11. The calibration result. for a typical
semple are illustrated in Figure 4. Further data is contained in Table 6.

Index Measurements

The surface refractive indices, n, and n,, for light polarized llel
and perpendicular to the surface of the sample, respectively, were m re:d
for all calibration samples, see Table 6. The surface indices for the large,
6 x 2k in., samples were measurad using the corresponding stress instrument
for that glass. OSurface refractive indices can be meesured with the stress
instruments by using a glass semple of known index as a reference. The
surface refractive index, n, of a sample can be readily determined by noting
the angle between the criticaily reflected image of the reference sample and




pplied Stress;

si Mean MDSR-]

18,000 = v Applied Giress-PSI  Reading-Drum Divisions
0 255. 6
1631 249.8
3261 242. 2
16, 000 t\ 4892 234.0
6523 227. 8
8154 216. 4
9784 206.0
11415 189.4
14, 000 |- 13046 183.2
14677 176. 4
+ 16307 166. 2
12, 600 Calibration Value K = 4;,529é . 176,02
+ .
10, 000 [~ +

Line of Least Squares

+ y = -172.65x + 44, 991
8000 |-
+
6000 -
+
4000 -
2000 }-
X

° Th— Tk i

MDSR -1 Readings, Micrometer Drum Divisions

Figure 2 - Representative Calibration Results for Chemcor Glass
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Applied Stress

psi

22, oooL y Mean MDSR-II
Applied Stress-PSI Reading-Drum Division
0 137.6
1410 131.2
20. 000 2820 120.8
4230 111.6
5640 104.8
_ 7050 94.2
18, 000 8460 85. 4
9870 75.2
11280 68.0
12690 63.0
16, 000 14100 53.4
15510 44,4
16920 37.0
18330 26.8
14, 000 19740 21.0
21150 13,2
12, 000~ Calibration Value K=23, 087
137.6 ~
167.78
10, 000
Line of Least Squares
y = -168.46x + 23, 087
8000}~
6000}=
4000~
2000p=
Y i [ | { 4 L1 L 1 i 1 L 1

e s '

¢l
0 10 20 30 40 50 60 70 80 90 100 110 120 130 140

DSR Readings, Micrometer Drum Divisions
Figure 3 - Representative Calibration Results for Alumino Silicate Glass
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Applied Stress .
; psi y Mean MDSR-I
: 35, ooopd Applied Stress-PSl Reading-Drum Divisions
0 312.8
32, 5004 4396 283.0
8792 266.2
13188 244.4
17583 223.4
30, 000~ 21979 203.2
26375 177.6
30771 148.0
27,500 35167 122. 4
*
Calibration Value K = 59, 315
25, 000 ___312.8 = 189.63
22,500}- Line of Least Squares
+ y = -189,59x + 59, 315
20, 000~
17,500 +
15, 000 =
12, 500}=
10, 000}~
7500 p=
5000 }=
+
2500 p~
x
0 1 l i 1 1 I ] | I
120 140 160 1_80 200 - 220 240 260 280 300

DSR Readings, Micrometer Drum Divisions

Figure 4 - Representative Calibration Results for Herculite II Glays
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TaBlg &
CaLIBRATION, SURFACE INDuX ARD STACSS OPTICAL CONSTANT R:SULTS
Stress Optic

Constaat
Surface Stresseeter Directly Measured Calidration Velue C x 100
Stress Sasple Coapression mm‘ Index K, psi/Lyeplece s P psi/Untt
lnatrusent m‘u —_na —_—lnit g Aizefringeace
- b, 52 60,68 1.%2%1 1.92% She2
i ben % 2193 82:3 152 60.69 Lih 1328 A%
1 DSR PP- 18021 01.8 3‘2“ $9.71 1.5250 1.5246 533
1 DSR »—e 19656 328, 3. 60,042 1.5250 1.5246 )
DSR PP-5 192 321.% 60 60,06 1.5250 1.5246 536
§ DSR pP-6 131-86 22, .61 60, ) 1.5285 1.5246 5 z
1 DSR PP~ 1822 9.0 .g 60,1 1.5: 1.5246 5
T 1 DSR PP 2191i 6?.5 . 59.97 1.5249 1,544 536
Ti: 1 MIL-G-25667 D3R PP-9 17537 96.0 3 f 29.3 i"i’é %5;2 528
Type 1 MIL-G-285067  DSR PP-10 19135 316.5 . ngin uz.g ’-‘zm ".5'::
68518 1.5250 1,526 $37
0.kl
. - - 7.4 b.22 161.83 1.5580 1.5576 73
Duatno Siltcere DT ases 5 iu‘%f b1z 17382 113580 igg;;z 535
Aliatne Stiisate osA-11 a8 ﬁggg 1:5:2 tég §66I;§ {;g g i:;ggg 376
Auatne Siiisers osa-it pe D21 ih":g k:& lgg:% §;§ 2 ::;;;g ;gg
Hoatne 3i1icets ot B 5% i 2:% 17212 1.5580 1.5576 602
Aiaine Silicete °©  iDan-Il a9 333% o, L02 %0, L 1l 595
ua : {D3R-I1 A$-10 2403 5.0 .15 165.73 1.5580 1.557% 579
Alusino $1lizate H Soon "oan oan o
167,.2 1.5580 1.5576 584
S0
2.5
- o33 3 269,.2 10, 150.36 1.9127 1.5119 Bt
ER::S:: ‘83.} gc-g u‘."ilf 272.5 10.23 1 1.;; 1.;1 2 1.5122 eu
Cheacor ¥DSA- éc- W80 26916 10,87 1653 1.6130 1.5120 v23
Cheaszor MDSR-1 cc L1241 263.6 10.33 155, 92 1.51% 1.5120 99
“heasor MD3R-1 cc-% L1751 260.0 12, E lzg. 1.5130 1,512 00
Sheazor ¥DSA-1 CCeb w636 24,0 10.7 188.11 Lay 1.521 432
Cheacor JOSR-1 cC~ bk} 274.2 10.7% 162,14 1.5132 1.5122 bit
vheacor MDSA-1 cc-g 2 269%.6 10.5‘ 185.47 1.5130 1.5120 V7
Cheacor MDSR-1 CC~9 °°83 259.6 10.1 167,12 1.5132 1.5122 b,
<~heasor MDSR~-1 CC=10 Ei O 271.8 10,65 188.02 1.5132 1.5121 Lo
Cheacor MDYR-1 cC+11 268.6 10, 183.;; 1.5130 1.5119 w8
Cheasor HDSA=I CC»12 Ezg‘? 269.4 10, 179, 1.5 1.5122 L58
Cheacor MDSR-{ Coel 265,0 10.39 200,22 1,51 1.5120 Eu
Cheazor HDSR-1 CCell 77? 261, 10,25 178.95 1.5132 1.5121 6
Cheacor MDSR-T CC=1 L4991 255.6 10.02 176.02 1,5130 1,512 9
Cheator HDSH~-1 cc-1 4816 2729.0 10.58 178.40 1.51 1.5120 bs
Cheacor MDSR-1 CCe1 ua«.g 270.8 10.62 179.72 1.5131 1.5122 LE
Sheazor DK cC=1 k7522 262.6 10.29 181,08 1.5130 1.5120 L62
Cheazor DSR-T cc-19 49768 261.6 0.25 190.25 1.5128 11,5120 486
Sheasor HDIR-1 ¢Cc-20 L3018 272.8 10.69 15‘3.69 1,.15230 1.5120 "l.ooz
Hean oan an an
1;3& 1.513¢ 1.5121 b2
. 13.
3R Hel 6522 16.6 11.97 178. 1.51%3 1.%14 72
g::::ﬁ:: H :gg-i He2 gu’n 389.6 10.95 210.3 1.51§ 1.51&3 zsa
Herculite II MDSR-1 He 513 20.2 12,10 160,22 1.5153 1.51e2
Herculite II HDSR-1 H 5;019 io-.u 11.51 287,32 1.5152 1,512 b
Herzulite 1I DSk~ H-$ 581 316.6 11.97 18;. 2 1.5151 1.5140 [
Hersulite 11 MDSR-1 H-6 5 06.2 11.57 19 gi 1.5152 1.5140 zgz
H'":ﬁt' H Eg-g g-z ;_73'; 3%3.2 11.91 ;;i'w %.5%52 i;itg o
re L ] ’ - - . . . . .
u:rsunu 1 HDSR-1 I1=9 (s 97 1,2 n.ga 201.77 1.5 1.5142 s
Kerculite I1 MDSR-I H-10 € 7.8 n.gg 200,79 1.51 1.51% ; 1
Herculite II HDSRe1 H-11 625 19.2 . 189, 1.5 1.81%
Hersulite 11 o S R $729 1.8 1% 162:3 1315 1 i
ﬂ::guu: 11 MDSH-1 H-l 2221 18.0 12.02 195.6% 1.2136 1.5 518
Herculite II MDSA-1 H-15 64260 25.8 12.27 1 37 1. 153 1.51%2 524
Herculite 11 HD3R-1 1-16 93&2 12. 11.82 189, ; 1.515) 1.5143 s02
Herculite I MDSit=1 Hel g 11.8 11.79 1 37 1.;151 1.5140 2
Herculite I1 ¥DSA-1 Hel B 12,k 11.81 186, 1.5152 1 511 Phe
Herculite I MD3R-1 He19 17 13.’0 12.% 187.91 1.;15’0 1.5142 Y
Herculite II MDOSA-1 He23 59117 16,2 11. 1le“ ;,1,5 1.5152 1,842 u:
an Mo en
189.3 1.5153 1.%t62 5o
11,
Legend: '* - 3urface index of refraction for light polarized parallel to the plane of the surface.

n
N4 - Surface index of refraction for light polarized perpendiculsr to the plane of the surface.
S0 = Standard Devistion.
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the critically reflected image ©of the samp.e being examined. For a stressed

sample, two images wiil be fcrmed, cne .-rrecponding to o, and the other

=

corresponding Lv n,. Jhe surrace refracrive (ndex Is given by
n = YNE o~-2&

where N is the prism Index ¢f the strecgs I , and B ic the emergent
angle of the prism for a given sample. i1.e., the angle at which the ilight
leaves the prism as measured frcm the normal.

The surface indices for the srwaiier, 2 x 7 in., samples were measured
by reflected light of the proper polarization using a Bausch and Lomb, Abbe-Sf
Refractameter. The proper pciarizaticn was attained by fitting the eyepiece
of this instrument with a polarizing Tilter. By rctating the eyepiece 90°,
the two indices, n, and n,, were measured dirsctly.

/]

The difference betweern the twec surface refractive indices, n, - n,, can
be measured direct.y with the DSR ir terms ¢f eyepiece units. The following
factors apply to each glass type and their respective stress instrument:

Type I MIL.G.25667 glass using the DSR, 1.iZ x 10-6;
Chemcor glass using the MDSR.-I, 3.92 x .G-%;

Herculite II gless using the MDSR-I, .78 x 10-%;
Alumino Silicate glass using the MDSR-II, 2.86 x 10-%.

By multiplying the stressmeter reacding, expressed in eyeriece units, by the
proper factor, as determined atove, we get the avsolute vglue of the index
change directly. These conversicn factor. are good only in the index ranges
listea in Table 6.

DESTRUCTIVE STRENGTH TESTS

Testing Methods

The beam loading method irvolved 1loading to btreakage of 3 x 13 in.
specimens supported 1/2 in. from either end and locaded at the two points
4 in, from the supports. In the concentric ring method, & square plate was
loaded by a circular member which moved coaxially to the support ring.
Three different pairs of ring sizes were used or three different sample
sizes: 3 and 6 in. diameter rings with 6.1/ in. square samples; 6 and
12 in. diameter rings with 12.1/L in. square sampies; and 1-1/2 and 3 in.
siameter rings with &4 in. square samp.es.

Both the beam loading and the ~oncentric ring loading methods were used
on the Type I MIL.G-25667 glass; then, on the basis of the resuits, the
concentric ring method was selected fcr the other glass types. The concentric
ring method was preferred over the team lcading method because of the large
number of edge breaks encountered In the iaiter method. The evaluation cf
the strength of glass is a reiatively comp.icated problem; it is known that
the strength depends cr a number <f various edge and surface ef eﬁte. There-
fore, if the strength cf glass with a cpecified surface treatment is tc be

; o’
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determined

, s necessary that the measured strength be characteristic of
the properties cf the surface “ayer al-ne ang dse: not ocontain orrtrs due Il
& possible effect ¢f a weakened edge The corcentric ring method, of proper
decsign, excludes tho offest ¢f edge deferis from the resuits of strength

In refnrence te co

wentric ring tests cf proper design, It was initially
intended that only the r

and € in. diameter rings be used to test the Type I
MIL.G-25667 glass in a.. thicknesses, however, a large number of edge breaks
were encountered in the tes%ing of the 1/2 in. and 3/4 in. thicknesses. As
zhis testing method Is intended tc eliminate the edge effects during s*rengtr
measurenents, larger samples were prepared to determine if this may have been
the result of the small sample size relative to thickness ror these groups.
Sempleb 12-1/b in. square were tested on a 1Z in. diameter support ring with
a 6 in. diameter 1oad ring. The results chow that this corrected the protlem.
Another way to eliminate this type of bresk wculd be to have the sample exterd
veyord he supyorT ring vty a greater gmourt. When the latter method is used,
however, correctiuvns for the cverhang have to te included in the ca‘"ulatﬁon
of the breaking stress.

Testing Techniques

Specimens having cut edges were triken with the cutter marks on the side
under compression. This surface was taped in o“der to preserve the origin
cf failure. Loading rates were in the range c¢i 4000 to 15000 psi per minute
depending on the available lcading rates of the testing m achwnes used. The
loading rate used for a given test, however, was held constant to within
11000 psi per minute. When rcssitle, a lcading rate of 5000 psi per minute
was used. These are the loading rates which were maintained during the latt
half of the destructive tests. When necessary, in crder to keep testing t;meo
within a reasonable length, specimens were fast loaded to approximately 50%
of the rupture strength. The temperature and humidity were held within
certain limits during the tests and at least L8 hours previous to the tests.
The temperature was maintained between 70-75°F and the relative humidity
did not exceed 50%. A minimum of 20, and in general, 25 samples were tested
for each category listed in Table 1. Approximately 50 samples, however,
were used in the testing of glass tyves Chemcor and Herculite IT.

Fh

[

Each sample was examined for defects which could possibly affect its
strength. Samples which contained defects that are not normally representative
of that type sample weres rejected.

The iccation of the fracture origin and the direction of the maximum
stress were noted for all sampies. If a fracture origin occurred outside of
the area of meximum stress, the breaking st:._ss was given the value of the
stress at the positicn of the origin rather than the maximum stress the
sample experienced. The methods used in determining this value of stress
are listed in the follcwing section.

The amount of center deflection of each group of samples tested by the
concentric ring method was monitored in order to detect the presence of
membrane s* es. When the defiection of the center exceeded half the
sample thickness, the degree of membrane stresc was est mated and the breaking




stress corrected tc¢ eliminate this effect. Groups cf ssmples for which this
occurred will have both the breaking stress including membrane effects and
the corrected breaking siresy iisted in the tables of individual testing
results. These tables are ccntained in Appendix II. This effect was found
to occur only in the thin glass samples which were subjected tc high loads:
3/k and full tempered 3/16 in.-thick Type I MIL-G-25667 glass; full tempered
1/10 in.-thick Chemcor; and full tempered 1/10 in.-thick Herculite II.

Calculation of Bending Stresses

The date resulting from the destructive tests and the calibration study
was converted into maximum surf? ﬁess by use of the following formulas
solved from bending theory(2)(3 (“)(5 :

Rectangular Specimens (Beam Bending)

PL (2)

O max. = ?/2

where Opgax, = maximum surface stress within stress span, psi

P = load in pounds

L = effective span, i.e., the load span minus the stress span,
in inches

W = width of spezimen in inches

£ = thickness of specimen in inches

!
Square Specimens {Concentric Rings of 2:1 Ratio)\3)(h)(5)

)
Uma_x = O.SLSI‘:‘Q'
This fcrmula, owev? ‘b not corrected for overhang while the following
three are corrected 43

1. Formula for 6-1/8 in. square samples on 3 and 6 in. diameter rings.

P
Orax. = 0.511 -




2. Fcrmula for 12-l/h in. square samples on 6 and 12 in. diameter rings.

o)

Umax. = 0.510 ‘.E'e'

3. Formula for 4 in. square samples on 1-1/2 and 3 in. diameter rings.

. P
Omax., = 0.403 =

where gpgy, = maximum surface stress withiu the 1oad ring, psi
3 = load in pounds
t = thickness of the specimen in inches

Corrections fer Fracture Origins Outside Maximum Stress Area

The value calculated for the maximum stress at which a sample failed
was reduced by a "fracture origin factor" whenever the fracture originated
outside of the maximum stress are?; The graph in Figure 5 was used for the
3 x 13 in. beam loading specimens 2) while the graph in Figure 6 was used
for the concentric ring loading specimens{3). 1In the concentric ring loading
specimens, whenever the direction of the fracture stress was at some angle
to the tangential and radial stresses, the fracture origin factor was estimated
by interpclating between the two curves of Figure 6.

Corrections for Membrane Stress in Concentric Ring Tecting

Whenever large deflections are required to cause failure of a sample,
i.e., whenever the deflection at the center of the glass exceeds half its
thickness, & method of estimating the breaking stress which excludes membrane
effects is more desirable than the misleading large strengths given by the
formulas 1, 2, and 3. The theory for the concentric ring loading method
from which these formulas were derived assumes small deflections and pure
bending of the center portion of the plate. Fcr large deflections, the
glass may stretch like a membrane as well as bend, giving rise to membrane
stresses. Since the mathematical methods for treating membrane stresses are
cumbersome and lengthy, an empirical approach was used to estimate this
<ifect.

It is known from the existing theory that for pure bending the load is
proportional to the deflection, while for pure membrane stressing the load
is proporticnal tc¢ the cube of the deflection. Thus when a sample requires
a deflection of greater than half its thickness to cause failure, an examina-
tion of the graph of the load versus deflection in the region beyond the half
thickness will show a nonlinearity due to the presence of membrane stresses.
A correcticn factor for this membrane stress was estimated by forming a
ratio of the linear portion of the load at failure, determined by an extension
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Fracture Origin Factor

Fracture Origin Factor
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Figure 5 - Corrections for Fracture Origins Outside Maximum Stress Area for
4 and 12 In. Span Beam Loading Method
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Figure 6 - Corrections for Fracture Origins Outside Maximurn Stress Area for
Concentric Ring Loading Method




of the linear icad-deflection curve, divided by the actual load at failure.
for a given group of samples, several estimates ¢f the correcticn factor
were mede and the average value used to determine the corrected bresking
stresses for the entire group. By this method, correction factors were
jetermined for the following groups of camples which ghoved membrane effects:
3/4 and full tempered 3/16 in.-thick Type T MIL-G-25667 glass - & co-rection
factor or 0.9; full temmored 1/10 in.-thick “hemcor and Hercuiite II - a
correction factor of 0.8. igure 7 illustrates the method as applied tc a
sample of tull tempered Eerculite II. These samples were tested on the
Instron Testing Machine which gives a measure of the loed ring defiecticn
directly.
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load is first
applied.

(
\

L i

4.

This lire is an ex-
tension of the linear
portion of the load
versus the defle *.
curve.

yZ4

0an

Center Deflection Equal
To 1/2 Thickness

1 4 i

n.03 0.04

Deflection at Load Ring

0.05

0.06 0.07 0 o8

Figure 7 - Graphical Estimation of Correction Factor for Membrane Stresses
for Typical Fuli Tempered Herculite II Sample
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AFTERDIA II

INDIVIDUAL TESTING RESULTS

The individual results orf the destructive testing for each type glass
are presented here.

The foliowing symbols are used in this appendix to indicate the locaticn

of the fracture

Concentric Ring

origin and the direction of the maximum stress at failure.

Testing

-~
- -

Ir -

TGO -

Or -
CE -

Beam Testing

IC or Ic -

IE -

OE -

Fracture origin located inside the diameter of the loading
ring.

Fracture origin located at the diameter of the loading ring.

Fracture origin cutside of maximum stress area with maximum
stress at faiiure acting in a tangential direction. Numbers
in the blank before the T indicate the distance in inches
fram the load ring.

Same meaning as above excespt maximum stress at failure acting
in a radial direction.

Additicnal information contained in the blank following tne
T indicates the angle to the tangential direction at which
the maximum stress at failure occurred. Other symbols have
the same meaning es above.

Fracture origin located over diameter of support ring.

Fracture origin located at edge of sample,

Fracture origin located inside the area of maximum stress in
the center portion of the swmmple, i.e., nct at an edge.

Fracture origin located inside the area of maximum stress,
but &t an edge.

Fracture origin located cutside the area of maximum s*ress
away from the edges. Numbers in the blank indicate the

distance in inches from the maximum stress areca.

Same as ebove except iracture crigin located at en edge.

Statistical Information

SD -

Standard Deviation.
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INDIVIDUAL TESTING RESULTS, FULL TEMPER CHEMCOR
SAMPLE SIZE 4 x 4 x 1/10 IN., TESTING METHOD 1-1/2 AND 3 IN. DTAMETER CONCENTRIC RINGS,

.\ TESTING MACHINE - INSTRON, LOADING RATE 15000 PSI/MIN.
5 .

‘ Breaking Stress
v » \ Average Center Average Surface Surface Breaking PFrecture Breseking Stress Corrected for
VivSiwple’ Thicknese Tension MOM-I Compression To Center Load Practure Origin With Membrane Membrane
- Mo, {n. ped Reading psi Ratio 1b, Oorigin Pactor Stress, pe! Stress, psi

. 36471 it} 1 I 1 0400 €300

% :%g;g 8 -?g §§.8 ogo 7.51 1"'; 8 0.08"T 0 .95 ;ogoo 26%00

P B @ o I3 f PR 2

5 ‘108 22"9’5 273.2 !fgz 7. i 1202 1 1 51100 0900

6 . 1006 659; 2 2.2 NAghs 6. 1510 Ir 1 69100 55300

.0970 6908 22 .6 ] 6.6% 110 1 1 69300 55500

oo gr oWt o o@p rno B 1 g am

. 1 . .

13 .(;035 6;6;’ go.e ¥ 5; 7.27 12‘2,3 I 1 70000 000

11 1081 6138 269,% 5671 7.61 16 I 1 70800 56700

12 . 1061 ] 30;.0 Ezgaw 9'68 1782 1 1 T1700 ;g 00

1 .1083 gl 1 2z .0 7512 7.2 1702 I 1 72400 000

1 . 10%0 ggn 28,6 5251 6.66 1466 I 1 62800 200

15 .0998 5 259.0 4911 6.77 1240 I 1 58000 6400

16 .1050 gz 7 301.6 97 9.37 1318 1 1 gbsoo §3600

1 .0069 qg egz.o 1096 g 9 930 I 1 5900 2 700

; o Bee  dee o 6:17 1388 T 7 =00 55800

10 .1011 7260 . .

20 L1041 6794 226.0 45390 6.53 1538 I 1 65800 52600

21 .1038 7038 263.6 35788 6.50 1708 I 1 223200 00

22 . 1008 7239 248.6 33107 3.95 1366 I 1 800 50200

23 . 1085 50G2 308.2 ;guz .92 1726 1 1 71900 57

2k 1003 7223 263.8 060 6.38 1548 1 1 66700 3800

25 .1052 6635 268.8 46610 g.oz 1232 b 1 51600 1

26 .1052 gng 303.6 6h4 .86 183% I 1 76800 61500

27 .1050 T80 271.2 7026 6.27 1570 I 1 6880¢ 51

28 .0006 7200 262.0 6298 6.43 1616 I 1 75 60400

e e en e e BX I 2600 53200

] . 101 . .

;1 .1018 ;o'?o 2€4.6 45882 6.#3 1550 I 1 00uU0 56000
. 1040 6874 2494 lzaus 6.29 1092 I 1 6800 gzuoo
Roomm hE i e gk Pop B ialoe
N0g . . 00

3 L1042 € 2§§.2 Réﬁ'é 2 .63 1166 I 1 9230 39800

A PoL E 2%

.10 . . I 00

% L1021 68&2 250.8 33183 6.25 1486 b 1 66000 2 goo

30 .10 887 251.% 43593 7.52 1864 I b 60800 8600

) 1)) L1047 2227 311.% 5399; 9.25 1696 1 1 71700 ST400

W e 2 Joay e 3155 1885 I 83305 26509

N 21083 2333 262:2 ) 883 1564 1 1 62500 9900

e BB oMt o &2 e 11 4w 2

. . . 000 00

6 .1035 5922 317.% 5 EZ 932 1564 Ir 1 -6,7700 4100

¥ 1057 57 313.% 3 g-'l3 1810 1 1 75100 0100

y .10%3 TON1 260, % 5133 R 3 1490 1 1 63400 50700

ko L1021 6826 250.2 L] 2 g 6,36 1120 I 1 nggoo Ez

50 .1003 586% 223.0 ?é 6 6.59 12 Ir 1 27 00 200

51 .0003 7109 254.6 5148 6.21 1420 Ir 1 6700 53400

Mean Mean Mean Mean Mean

6530 4sTTO 7.07 ggmo gmo
9030 7230
High High
8oBoo 65700
Low Low
45600 36500
Range Range
35200 28200
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TABIE 8 .
INDIVIDUAL TESTING RESULTS, ANNEALED HERCULITE II
SAMPLE SIZE 4 x 4 x 1/10 IN., TESTING METHOD 1-1/2 AND 3 IN. DIAMETER CONCENTRIC RINGS,
TESTING MACHINE - INSTRON, LOADING RATE 15000 PSI/MIN.

Average Center Breaking Fracture Breaking
Sample Thickness Tension Load Practure Origin Stress
No. in. psi 1b. Origin FRactor psi
1 .0999 30 17 I 1 8100
2 1000 28 30 I 1 14100
m .0994 28 391 I 1 18300

.1018 3 334 I 1 14900
5 .1021 30 368 1 1 17200
6 .101% 28 352 1 l 15800
m 1010 30 36 1 1 16500
.1013 28 37 I 1 17000
9 .1010 28 366 I 1l 16600
10 .102 32 366 I 1 11700
11 100 32 361 b § 1l 16500
12 1052 28 337 I 1l 15100
1 .1021 30 341 I 1 15200
1 1020 28 325 I 1 14500
15 .1021 27 uwN I 1l 14900
16 .0995 27 3 1 1l 17000
1 .0997 27 369 I 1 pmwoo
1l .mew 27 313 Ir 1l 14300
19 i 1 31 363 I 1l 16600
20 .1024 30 355 I 1l 15700
21 « 1005 31 326 I 1 14900
22 .1043 28 192 I 1l 8200
2 10 24 259 I 1l 10900
2 .103% 3% 275 I 1l 11700
2 . 1052 3% 32 I 1 HWﬂoo
2 .1058 . 28 39 I 1l 1l Mww
2 .10 31 2 I h | 12
2 .1049 34 31 - I 1 13300
29 .1046 31 324 I 1l 13700
30 .0992 28 222 I 1l 10460
31 .1052 3% 210 I 1l 8800
32 .1008 31 37 1 1l 17300
3 .1016 34 ] 1 1 15600
3 .101% 38 12 1 1 uwmoo
35 1003 31 309 I l 14200
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TABLE 8 (CONTINUED)

Average Center Breaklng Fracture Breaking

- .

Sample Thickness Tenslon Load Fracture Origin Stress
No. in. psi 1b. Origin Factor psi
36 .1001 24 359 I 1 16600
um .1002 32 339 I 1 15600
3 .1008 2 305 Ir 1 13800
wm .1009 2 366 I 1 16600

0 .1013 27 163 I 1 7300
b3 .1011 31 315 I 1 uawoo
§2 .1015 30 259 I 1 11600
am .101 27 e7e 1 1 12300
y .101 30 339 I 1 15000

Mean Mean
30 14330
Sb
2780
High
18600
Low
7300
Range
11300

- e a8y L

T




:
|
%

1
+

A Dbk 2
INDIVIDUAL TESTING RESULTS, PULL TEMPER HERCULITE II
SAMPLE SIZE % x & x 1/10 IN., TESTING METHCD 1-1/2 AND 3 IN. DIAMETER CONCENTRIC RINGS,

'\ ' TESTING MAGHINE - INSTRON, LOADING RATE 15000 PSI/MIN.
! Breaking Breaking
. Average Center !verage Surfsce Surface Breaking Practure Stress psi Stress psi
Sample Thickness Tension MDSR-I Compression To Center Load - Practure Origin_  With Membrane Corrected for
No. in. psi Reading - psi Ratio b, _  _Origin PFactor Stress Membrane Stress
1 . 1000 6¢ 290.0 548 7.8 1880 Ir 1 8ATOO 671700
2 ‘1008 & 2852 ohmae 7.8 163 T 1 Bas00 ¢
H rst it 818 N .65 1746 1 1 8300 63100
igig 23'{3 29%'8 23 0 3:07 1798 1 1 300 £8200
2 11011 6975 6.2 57960 8.31 1618 Ir 1 73300 58633
ome gp FioEm o R o L 1 w3
11006 6975  292.M 55351 -9 1520 Ir 1 87 70200
13 .1016 6919 26%.6 55768 Z.os 2160 § i 96800600 n;gg
11 . 1000 7631 293.8 55616 7.91 2000 I 1 600 Talo0
BoowE B e Zy opE @ L L Em g
: "1933 2975 3562 56371 8.0k 1852 Ir 1 82000 67200
: ‘1908 33 %: 82 1 I 1 80100 64100
: . iﬁ ;33% 338 '; 3'9'3 78 1752 1 1 % 12100
1 L] - .
oo BB @e me by owe 1 1 B fereo
1 .1019 691 285.8 54102 3 2 i 2 I 1 83700 6?900
10 -1005 305.4% 812 8.16 1820 1 1 83100 68900
31 038 LExh P18 193 8'(1’3 18 1 1 84700 67700
22 %88? ;0 3 goh'o 5”527 8.12 2280 1 1 102900 85400
3 11046 6581 287.2 3361 8.26 1988 Ir 1 84100 67300
) 1 79600 63700
2 1056 6581 306.8 58 8.82 1920 %l‘ 1 12500 14
25 .1052 6581 315.6 3 9.08 2150 Ir 1 30000 72
2 ‘1088 622 238 5‘r5<>3 8.5 21 1 1 90500 12400
: %8&8 62233 i‘s’én pLbse 10.14 3785 Ir 1 73200 59300
RO & EnoogE By B ¥ L pE i
n 0091 7031 3%0. .
B oo Em ome g fe e 1 1 px g2
O . .
3 . 1007 6019 2%.6 54821 7.9 2020 1 1 gg% ; S0
] o B e ke 7.9 1785 1 ) 82700 o
] ? 39' 29304 581 [R5 1912 1 1 87000 69600
3 . 1009 919 93. 55 . 2 I 1 & o300
3 1% g919 359 :}69 g 'io %93% 1 1 eo% 2300
E :}8%2 gé'ilg %:2 55832 8.08 1838 Ir 1 83100 62500
n .1018 63 282.8 53534 Z.ao 1536 1 i 8988 Zaggg
e 108 28{;3 5832 55'}23 e'ég i‘%g I 1 00 63
' 101 686'3 301.2 017 8.31 1930 Ir 1 gz;oo 69?38
3 -101 6863 318.2 3 8.78 1708 1 1 76700 61300
L] L1016 686 294.8 ggaog 8.13 2065 b 1 9%88 7l§oo
Voo BE TM e B3 7% Y i h 131600 8230
X -1okg 72 312.0 25.9?62 525 1398 1 1 9900 gggocg
;8 . {% ;oaa 35;'12; 517?3? '73 i%g 1 : % 00
51 >1004 6919 nl.2 58010 % 53 1654 1 ) 75000 é‘goo
Mea Mean Mean Nean Mean
6953 56970 8.21 83790 gom
8170 6540
Righ Righ
11 3800
Low
66800 53300
R.h‘. Range
30000

3o



TABLE 10
INDIVIDUAL TESTING RESULTS, ANNEALED ALUMINO SILICATE
SAMPLE SIZE 6-1/8 x 6-1/8 x 1/% .IN., TESTING METHOD 3 AND 6 IN. DIAMETER CONCENTRIC RINGS
. TESTING MACHINE - INSTRON, LOADING RATE 7000 PSI/MIN. ’

Average Center  Breaking Fracture Breaking
Sample  Thickness Tension Load Fracture Origin Stress
No. in. psi 1b. Origin Factor psi
1 .2718 241 1340 I 1 9300
2 L2742 222 1510 1 1 10300
3 . 2748 mmw 1976 I 1 13400
4 2742 241 - 1372 I 1 9300
5 .2758 250 1890 I 1 12700
6 .2755 258 1484 Ir 1 10000
7 .2755 239 1780 1 1 12000
8 . 2748 233 . 1476 I 1l 10000
9 .2725 250 1168 I 1l 8000
10 . 2502 184 1370 I 1 11200
11 . 2700 233 1770 I 1 12400
12 .2740 250 1332 I 1 9100
1 . 2505 184 90 I 1 7200
LY .2548 : 198 1556 I 1 12300
15 .2532 198 1376 I 1 11000
16 . 2592 212 1540 1 1l 11700
17 .2550 212 1830 I 1 14400
18 . 260 220 kum I 1 11600
19 274 252 1878 I 1 12700
20 .2720 255 121k I 1 8400
21 . 2682 228 1370 i 1l 9700
22 . 2720 239 1870 I 1 12900
2 . 2498 195 1438 I 1 11800
2 . 2635 209 1264 I 1 9300
25 .2520 201 1524 I 1 12300
Mean Mean
225 10920
sD
1840
High
14400
Low
7200
Range
7200
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TABLE 11
INDIVIDUAL TESTING RESULTS, 1/2 TE&MPER ALUMINO SILICATE

SAMPLE SIZE 6-1/8 x 6-1/8 x 1/4 IN., TESTING zmemoo 3 AND 6 IN. DIAMETER CONCENTRIC RINGS,
TESTING MACHINE - INSTRON, LOADING RATE 7000 PSI/MIN.
Average Center Average Surface Surface Breaking Fracture Breaking
Sample Thickness Tensicn MDSR-II1 Compression To Center Load Fracture Origin Stress

No. In. psi Reading psi Ratio 1b, Origin Factor nsi
1 L2746 mwmo 55.2 9229 2.46 2490 I 1 18200
2 L2740 249 65.0 10868 2.56 3015 I 1 momoo
m L2743 42442 .61.0 10199 2.40 2880 I 1 19400
v . 2739 L4561 69.8 11671 2.50 3140 I 1 21400
5 .2762 4Ok1 66.0 1103 2.73 3110 1 1 20800
6 L2712 4409 63.0 1053 2.39 2810 1 1 19500
7 .275 3988 57.8 9664 2.4k2 2995 1 1 20200
8 .272 ummm 58.8 9831 2.55 2750 I 1 18900
9 2724 845 63.2 10567 2.75 2975 I 1 20500
10 . 2747 2953 75k 12607 2.96 3515 I 1 23800
11 . 2704 570 62.4 10433 2.92 3050 I 1 21300
12 .2592 062 63.8 10667 2.63 2400 I 1 18300
1 .2586 4336 71.2 11905 2.75 2785 I 1 21300

1 .2823 4292 64.0 10701 2.4o 2720 1 1 17
=15 .276 mwmm 61.0 10199 2.56 2900 Ir 1 19400
1€ .275 106 68.2 11403 2.78 2580 Ir 1 17300
17 .2771 3899 60.0 10032 2.58 2715 I 1 18100
18 . 2660 3559 55.0 9196 - 2.58 2115 I 1 15300
19 . 2658 3650 56.4 9430 2.58 2675 I 1 19400
2 .2638 3598 57.2 9564 2.66 2580 I H 19000
21 .2608 3494 52.4 8761 2,51 2395 I 1 18000
22 . 2595 3511 53.6 8962 2.59 2350 I 1 17800
Mean Mean Mean Mean
3970 10340 2.61 qumo
1830
High
23800

Low
15300
Range
8500
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TABLE 12
INDIVIDUAL T2STING RESULTS, 3/4 TEMPER ALUMINO SILICATE
SAMPLE SIZE 6-1/8 x 6-1/8 x 1/4 IN., TESTING METHOD 3 AND 6 IN. DIAMETER CONCENTRIC RINGS,
TESTING MACHINE - INSTRON, LOADING RATE 7000 PSI/MIN.

Average Center Average Surface Surface Breaking Fracture Breaking

Sample  Thickness Tension  MD3R-II Compression To Center Load Fracture Origin >tress

No. In. psi  Reading psi Ratio 1b. Origin Factor psi
1 .2571 5175 8.0 14045 2.71 2975 1 1 23000
2 . 2654 5577 85.8 14346 m.mq 3565 Ir 1 25900
3 . 2655 5039 73.8 12339 2.45 3250 I 1 23600
L . 2639 5165 79.4 Hmmum 2.57 3415 I 1 25100
5 . 2626 mmpm 89.4 14948 2.81 3375 I 1 25000
6 . 2659 541l 82.6 13811 2.59 3575 Ir 1 25800
7 .2715 4958 75.0 12540 2.53 3875 Ir 1 26900
8 . 2624 5030 81.0 13543 2.69 3070 I 1 22800
9 . 2695 5334 76.2 12741 2.39 3995 I 1 28100
10 .2610 5251 79.6 13309 2.93 3270 I 1 24500
11 . 2613 5208 81.k 13610 2.61 3200 I 1 24000
12 .2561 5273 82.2 13744 2.61 3175 I 1 24700
13 .2618 5212 80.8 13510 2.59 2750 I 1 20500 -
1k . 2603 5052 81.0 13543 2.68 3125 I 1 23600
15 L2614 4883 78.0 13042 2.67 3025 Ir 1 22600
16 . 2646 5241 76.6 12808 2.44 3915 O0.1¥'T O .96 24600
17 . 2648 5360 79.4% 13276 2.48 3605 I 1 26300
18 . 2580 143 77.8 13008 2.53 2875 I 1 22100
19 . 2626 987 76 .4 12774 2.56 3100 I 1 23000
20 .2492 5269 83.6 13978 2.65 3000 I 1 24700

Mean Mean Mean Mean

5190 13410 2.58 MWu:o

1780

High

28100

Low
20500
Range

7600




TABLE 13
INDIVIDUAL TESTING RESULTS, FULL TEMPER ALUMINO SILICATE
SAMPLE SIZZ 6-1/8 x 6-1/8 x 1/4 IN., TESTING METHOD 3 AND 6 IN. DIAMETER CONCENTRIC RINGS,
TESTING MACHINE - INSTRON, LOADING RATE 7000 PSI/MIN.

Average Center  Average Surface Surface Breaking Fracture Breaking
Sample Thickness Tension MDSR-II Compression To Center Load Fracture Origin Stress
_No. in. psi Reading psi Ratio 1b. Origin Factor psi
1 .26 769 115.8 19362 2.52 3665 I 1 26600
2 2642 766 115.4% 1929 2.52 3800 I 1 27800
m .2580 7938 126.4 2113 2.66 3900 I 1 29900
.2575 7899 131.0 21903 2.77 995 I 1 30800
5 .moww 7795 121.6 20332 2.61 650 1 1 32800
6 .2582 7291 113.6 18994 2.61 37 I 1 28700
7 . 2622 7730 135.8 22706 2.94 020 1 i 37300
8 .mmw: 7736 126.6 21168 2.74 300 I 1 31700
9 .2588 - 7693 126.4 21134 2.75 4000 Ir 1 30500
10 .2539 7747 121.8 20365 2.63 4125 Ir 1 31500
11 .2592 7562 122.0 20398 2.70 3875 I 1 29500
12 .2584 7730 121.0 20231 2.62 3890 1 1 29800
13 .2610 7573 116.6 19496 2.57 3770 I 1 28300
il .2619 7569 127.8 21368 2.82 4170 I 1 31100
15 .2611 7812 136.8 22873 2.93 k325 I 1 32400
16 .2584 8062 133.6 22338 2.77 3935 1 1 30100
17 .2530 7990 141.6 23676 2.96 3950 I 1 31500
18 .2567 7721 129.8 21703 2.81 800 1 1 29500
19 <2543 7925 135.2 2260 2.85 160 I 1 32900
20 .2619 7758 Hum.: 2230 2.87 4150 I 1 30900
21 . 2657 7812 124.0 20733 2.65 4110 I 1 29700
Mean Mean Mean Mean
7750 21150 2.73 30630
SD
2220
High
37300
Low
26600
Range
10700
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TABLE 14
INDIVIDUAL TESTING KESULTS, ANNEALSD ALUMINO SILICATE

SAMPLL SIZL 6-1/8 x 6-1/f %z 1./2 IN., TESTING METHOD 3 AND 6 IN. DIAMETER CONCENTRIC RINGS,
TESTiING MACHINE - [NSTHON, LOADING KALE 5000 PSI/MIN.

Average Center Breakilng Fracture Breaking
Sample Thickness Tension Load Fracture Origin Stress
No. in. psi 1b. Origin Factor psi
1 .5362 326 6570 I 1 11700
2 5365 353 5900 I 1 10500
m -5360 320 5750 I 1 10200
5358 336 6900 I 1 12300
5 .mmmm 326 6310 I 1 11200
6 5400 wmo 6580 I 1 11500
M .5425 347 6630 I 1 11500
5422 304 5560 I 1 9700
9 5460 358 5260 I 1 9000
10 5550 35 6950 I 1 11500
11 5510 35 7600 I i 12800
12 5448 358 6620 I 1 11400
1 5478 353 5100 I 1 8700
1 .5562 369 5890 I 1 11400
15 .mmmo 347 7150 Ir 1 12000
16 5442 umu 5410 I 1 9300
17 5468 347 €180 I 1 8900
18 .5528 347 7000 I 1 11700
19 561 380 8450 I 1 13700
20 .mmq 342 o500 I 1 10700
21 H472 369 1420 I 1 11000
22 5495 350 6340 I 1 10700
Mean Mean
343 10970
SD
1280
High
13700
Low
8700
Range

5000




INDIVIDUAL TESTING RESULTS,3/4 TEMPER ALUMINO SILICATE

TA3LE 16

SAMPLE SIZE 6-1/8 x 6-1/8 x 1/2 IN., TESTING METHOD 3 AND 6 IN. DIAMETER CONCENTRIC RINGS,
TESTING MACHINE - INSTRON, LOADING RATE $000 PSI/MIN.

Sample

do.

O 00—~ Ot £ N -4

Average Center
Thickness Tension
in. psi
.5527 604
.5514 602
5491 6217
.mwum 6143
5439 6137
5324 5464
.5381 5625
.5329 552
.533% 563
<5373 5312
.5344 5664
5357 5408
5343 5403
-5329 5362
+5323 5334
.5392 5334
5406 =312
5366 5204
.mwwm 5143
.540 5056
.5364 5052
Mean
5540

Average
MDSR-II
Reading

114.0
118.0
114.0
122.4%
114.4
109.4
106.4
109.4
108.6
103.2

198:0

Surface Surface Breaking Fracture Breaking
Compressicen To Center Load Fracture Origin Stress
psi Ratio lb. Origin Factor psi _
19061 3.1 16500 I 1 27600
19730 3.27 18900 I 1 31800
19061 3.07 16350 I 1 27700
20465 3.33 18225 I 1 31500
19128 3.12 16695 I 1 28800
18292 3.35 13920 I 1 25100
17790 3.16 13500 I 1 23800
18292 3.31 12345 I 1 22200
18158 3.22 12530 I 1 22500
17255 3.25 Hmmﬂm I 1 27700
Hmmwo 3.16 14280 I 1 mmmoo
18058 3.34 13500 Ir 1 24000
16753 3.10 18309 Ir 1 32800
HomHN 3.07 14340 I 1 25800
17C5 3.20 14400 I 1 26000
17556 3.29 14745 Ir 1 25900
15550 2.93 12675  0.20"T O -9k 20800
15884 3.0 11985 I 1 21300
15115 2.9 13170 I 1 23200
quwq 3.11 11895 I 1 20800
14245 2.82 13845 I 1 24600
Mean Mean Mean
17500 3.15 25690
SD
3500
High
32800
Low
20800
Range

12000




SAMPLE SIZE 6-1/8 x 6-1/8 x 1/2 IN., TESTING METHOD 3 AND 6 IN. DIAMETER CONCENTRIC RINGS

TABLE 15

INDIVIDUAL TESTING RESULTS, 1/2 TEMPER ALUMINO SILICATE

TESTING MACHINE - INSTRON LOADING RATE 5C00 PSI/MIN.

Average Center
Sample Thicknzss Tension
No. in. psi
t .5308 3570
2 .5306 wmﬂ:
3 .5Lay
$ .5356 3472
5 23717 3537
6 .532 3476
7 -532 3515
8 .5596 3511
9 .5551 3620
10 -5563 3505
11 .mmmo 3526
12 547Y 3620
1 549 3613
s o 3
: -232 343
16 .5316 342h
17 5317 3277
18 -5302 3559
19 -5306 3157
20 .5314% 34h6
21 .5340 3476
Mean
3480

Average
MDSR-II
RBeading
OH.O

70.0
67.8

o3 O
L] . - 1 ]

POONONTON O FO @

.

O\O\O\O’\O\O\O\O‘ﬁ
STOWFONNHFIH OO O

b

36

Surface Surface Breaking Fracture Breaking
Compression To Center Load Fracture Origin Stress

psi Ratio ib. Origin Factor psi
10300 2.89 10950 I 1 19900
1170% 3.37 11430 0.25"T 0 .92 19100
11336 10500 I 1 18200
10567 3.04 14220 I 1 25300
11303 3.20 10575 I 1 18700
10801 3.11 13050 I 1 23500
10166 2.89 14265 0.80"T 0 .73 16700
11370 3.2k 13530 I 1 22100
11169 3.09 12720 I 1 21100
11704 3.34 14190 I 1 23400
11436 3.24 12165 I 1 20400
11801 3.26 12390 I 1 21100
11905 3.30 15000 Ir 1 25400
10868 3.19 11925 I 1 21700
wouoo 3.00 11220 I 1 20200
10400 3.04 10410 1 1 18800
10032 3.06 11745 I 1 21200
10734 3.02 10425 0.15"T 0O .96 18100
10534 3.3k 1069 I 1 19400
10032 2.91 1182 I 1 21400
10835 3.12 10545 I 1 18900

Mean Mean Mean
10920 3.1k 20790

SD

2180

m»m:

25400

Low

18100

Range

7300




TA3LE 16
INDIVIDUAL TESTING RESULTS,3/% TEMPER ALUMINO SILICATE
SAMPLE SIZE 6-1/8 x 6-1/8 x 1/2 IN., TESTING METHOD 3 AND 6 IN. DIAMETER CONCENTRIC RINGS,
TESTING MACHINE - INSTRON, LOADING RATt $000 PSI/MIN.

Average Center Average Surface Surface Breaking Fracture Breaking

Sauple Thickness Tension MDSK-II Compressicn To Center Load Fracture Origin Stress
Jo. ~ 1in. psi Readine psi Ratio 1b. Origin Factor psi _
1 .5527 604 114.0 19061 3.15 16500 I 1 27600
2 .5514 602 118.0 19730 3.27 18900 I 1 31800
m .5491 6217 114.0 19061 3.07 16350 I 1 27700
.5438 6143 122.4% 20465 3.33 18225 I 1 31500

5 .5439 6137 114 .4 19128 3.12 16695 I 1 28800
6 .5324 5464 109.4 18292 3.35 13920 I 1 25100
7 .5381 5625 106 .4 17790 3.16 13500 I 1 23800
8 .5329 552 109.4 18292 3.31 12345 I 1 22200
9 .533% 563 108.6 18158 3.22 12530 I 1 22500
10 5373 5312 103.2 17255 3.25 15675 1 1 27700
11 5344 5664 Hom.o Hmmmo 3.16 14280 I 1 mmmoo
12 .5357 5408 108.0 18058 3.34 13500 Ir 1 254000
13 5343 5403 100.2 16753 3.10 18309 Ir 1 32800
14 .5329 5362 98.8 Homwm 3.07 14340 I 1 25800
15 .5323 5334 102.0 1705 3.20 145400 I 1 26000
16 .5392 5334 105.0 17556 3.29 14745 Ir 1 25900
17 5406 =312 Q3.9 15550 2.93 12675  0.20"T 0O .94 20800
18 .5366 5204 5.0 15884 3.0 11985 I 1 21300
19 .538 5143 90 .4 15115 2.9 13170 I 1 23200
20 .540 5056 4.0 quwq 3.11 11895 I 1 20800
21 .5364 5052 85.2 1hoys5 2.82 138L5 I 1 24600

Mean Mean Mean Mean

5540 17500 3.15 mw%o

3500

High

32800

Low
20800
Range

12000




TABLE 17
INDIVIDUAL TESTING RESULTS, FULL TEMPER ALUMINO SILICATE
SAMPLE SIZE 6-1/8 x 6-1/8 x 1/2 IN., TESTING METHOD 3 AND 6 IN. DIAMETER CONCENTRIC RINGS
TESTING MACHINE - BALDWIN, LOADING RATE 5000 PSI/MIN.

’

Average Center Average Surface Surface Breaking Fracture Breaking

Sample Thickness Tension MDSR-II Compression To Center Load Fracture Qrigin Stress

No. in. psi Realing psi Rhatio lb. Qrigin Factor psi
1 . 7048 132.0 22070 3.13 19270 I 1 34300
2 .W ww 6922 130.4 21803 3.15 16410 I 1 28100
m .mm:: 6977 129.8 21703 3.11 16180 I 1 26900
.5432 7031 140.8 23542 3.35 14180 I 1 24600
5 .5377 Hmm.m 22672 14280 I 1 25200
6 .5392 7576 150.2 23441 3.09 17620 I 1 31000
m .5408 7751 133.8 22371 2.89 13310 I 1 23300
5347 7599 Hmﬁ.: 22973 3.02 17350 I 1 31000
9 .mme y H:o.m mw:;w Hmoqm I 1 23900
10 . 750k 142.2 2377 3.17 16710 I 1 29900
11 .erw qmom 138.0 23074 3.03 15660 I 1 28100
12 .5379 7721 138.2 23107 2.99 16550 I 1 29200
1 .mm@m 7638 144.6 24177 3.17 17630 I 1 32200
1 534 6679 131.8 22037 3.30 17590 I 1 31500
15 .5299 7400 Hmﬁ.c 23007 3.11 172090 I 1 31300
16 .5348 qmmm 1k4 .6 24177 3.20 17760 I 1 31700
17 .5300 7400 145.4 24311 3.29 18380 Ir 1 33400
18 .5406 qrom 136.6 22840 3.06 21430 I 1 37500
19 .5357 737 134.8 22539 2.06 18430 I 1 32800
20 .5405 Thes 1h2.4 23809 3.19 19060 Ir 1 33300
21 5441 7845 141.8 23709 3.02 17420 Ir 1 30100
Mean Mean Mean Mean
7400 23080 3.12 30250

SD

3410

High
37500

Low
23300
Range
14200

38

L




TABLE 18
INDIVIDUAL TES1ING RESULTS., ANNEALED TYPE I MIL-G-25667
SAMPLE SIZE 6-1/8 x 6-1/8 x 3/16 IN.,TESTING METHOD 3 AND 6IN. DIAMETEKR CUNCENTRIC RINGS,
TESTING MACHINE - INSTKON, LOADING RATE 5000 PSI/MIN.

Average Breaking Fracture Breaking
Sample Thickness Load Fracture Origin Stress
_No. in. 1b. Origin Factor psi.
1 .1855 715 Ir 1 10600
2 .1850 owo Or 1 6600
3 .1828 880 I 1 13500
L . 1840 659 O.42"T 0 .86 600
5 .1838 79 I 1 12000
6 .1918 11 I 1 15800
7 .1920 940 I 1 13000
8 . 1940 589 0.66"T 0 .78 6200
9 .1935 928 I 1 12700
10 .1930 740 I 1 10100
11 <1940 139 0.28%T-10¢ © .95 9500
12 .1900 510 I 1 7200
1 .1918 €83 I 1 9500
1 .H@mo 677 0.06"R 0 .93 8600
15 . 1940 ww: Ir 1 10800
16 . 1948 92 I 1 12000
17 1922 797 I 1 11000
18 .1918 530 0.18"T-10° O .92 6800
19 .1928 ﬂwo I 1 10000
20 .1928 684 I 1 9400
21 .1940 782 0.2%T-8° 0 .93 9900
22 .1898 450 I 1 6400
2 .1908 700 I 1 9800
2 1915 654 I 1 9100
25 .1918 700 L 1 9700
26 192 870 I 1 12000
27 L1918 690 I 1 9600
Mean
10020
SDh
2310
High
15800
Low
6200
Range

39 9600




TABLE 19
INDIVIDUAL TESTING RESULTS, 1/2 TEMPER TYPE I MIL-G-25667
SAMPLE SIZk 6-1/8 x 6-1/8 x 3/16 IN., TESTING METHOD 3 AND 6 IN. DIAMETER CONCENTRIC RINGS,
TESTING MACHINE - INSTRON, LOADING RATE 5000 PSI/MIN.

Average Average Surface Breaking Fracture Breaking

Sample  Thickness DSR Compression Load Fracture Origin Stress

No. in. Reading psi. 1b. Origin Factor psi.
1 .1828 H:m. 8 8774 1277 I 1 19510
2 .1928 1 .m 809k 1840 Ir 1 25300
m .1815 145, 8750 Hmmu I 1 19100
. 1833 158.8 9557 12487 I 1 19600

5 .1823 141.8 8534 1347 1 1 20700
6 1915 1564 9412 1260 Ir 1 17600
7 .1915 155.4 9352 151 I 1 21100
8 .1923 138.3 8317 152 Ir 1 21100
9 .1825 159.3 581 1008 I 1 15500
10 . 1825 136.2 197 1293 I 1 19800
11 .1820 139.0 8365 1200 I 1 18500
12 .1923 149. 4 8991 1735 I 1 24000
13 . 1893 qu.m 1024 1147 0.12"T 0 .96 15700
14 1915 131. 790! 1092 0.31"T © .90 13700
15 .1913 142.8 8594 1040 0.25"T 0 .92 14400
16 « 1920 159.5 9599 1250 I 1 17300
17 . 1848 152.6 918 1135 I 1 17000
18 .1928 113.8 684 1096 I 1 15100
19 . 1845 123.5 TH32 1423 I 1 21400
20 . 1845 144.,5 8696 1100 0.25"T © .92 15200
21 . 1895 Hfm.c 8546 130% 0.56"T 0 .82 wmmoo
wm .wmw Wmm.w wwmm waw I 1 14600
[N . . H H Hm O

2 .1838 wmr.m 8690 816 I 1 wmwwo
25 .1918 142.8 8594 1533 1 1 21300
26 1925 123.8 T450 1269 Ir 1 17500
27 . 1915 151.8 9135 1217 1 1 17000
28 .1895 150.2 9039 1224 I 1 17400

Meun Mean

8680 17980

mUw o

mwmw

25300

Low
12300
40 Range

ARYalall




Table 20
» N " - - ov
PR LSTING RESULTS, 3/4 TEMPER TYPE 1 MIL n Mm@ 3
SAMPLL SIZE OIH\QHWUMMM\i W WWHO IN., TESTING xmﬂﬁoc 3 AND § szmwwnﬂmﬂvb CONCENTRIC RINGS,
. ToSTING MaCHING mzmﬂzoz. LOADING RATL 5000 .

Breukineg Strass DBreaking Stress

, for
Averasge hverage Surfa-e Breakin Fracture with Corrected
Sarz;le Thi-Vress ommn Comgression Load & Fracture Origin Membrane Stress xnaannsm.mnqouu
N~ in. Reading psi. ilb. ~origin. _Factor N3 £ed
1 156 182.5 10963 195 0.12"T C .96 w.,wmwm ww%
o . 184 171.0 10291 17 I ) wmaoo 53800
m . 186 163.0 9809 1730 Ir 1 rrmow 51860
S < 18LE 183.8 11061 1615 1 3 mm 0 33600
) . 1840 182,¢ 11061 Smo I ] 2 mwm 2100
é . 1858 189, € 116422 1580 1 1 23 20800
7 . 185F 201.8 12144y 1560 Ir 1 231100 5
& .18135 18q.8 11422 1676 1 1 25400 m.w%w
o . 18L5 202.5 12186 2057 Ir 1 30900 17900
1C . 185F 177.0 Hoomm 1341 1 1 waoo 16400
1 . 1895 182.6 1099 1283 Ir 1 18200 19300
12 .Hmmo 206.° 12645 1914 1 1 28800
12 « 18LE 184, 8 11121 _mqr M ] 20600 ~:mww
1§ . 18E€ 188, 11262 1890 I 1 27100 2 :
15 . 1860 200.0 12036 Gwa 1 ] 22700 mogww
1€ . 878 192,0 11614 1380 1 1 20000 1
Dooke Er um P 3218 23
19 .Hmmm www.w WM@O HMWH O.12"1 0O 296 26000 23400
Gk mL W me oo e
2 ol 12,5 113 .
a0 « 1860 192.2 11567 1971 0.36"T 0 « 8¢ 25700 23100
a2 . 1850 109.8 10219 1533 1 1 mumoo 20000
oL .1885 173.8 10459 1799 1 1 25900 mum%
5 . 1860 166.% 10020 1536 1 1 22700 20
liean 4 Yean Mean
11160 y mwrwo Mmo:o
8 5
u.wono .o.mmo
: 3!
uomoa 27
Low Low
18200 {6LO0
lange Range
12700 11400

L1




TABL: 21
INDIVIDUAL TeSTING H=SULTS, FULL TuMPER TYP. I MIL-G-25667
3.MPL. SIZL 6-1/E x 6-1/8 x 3/16 IN., TLSTING MiuTHOD 3 AND 6 IN. DIAMETZR CONCENTRIC RINGS,
TESTING MACHINz - INSTRON, LOADING RATE 5000 PSI/MIN.

Breaking Stress

average -enter average Surface mcmnmnm Breaking Fracture Breaking Stress Ccrrected for
Thizkness Tersion D3R coampression ao,cm:ncn Load Fracture Origin with Meabrane Veabrane Stress,

—do. __ i, _psl,  Beadlag __psl. = —atatle . }b, Origln  _Fgctor  _Streass, psl. pal,
. 188 2€3.0 17031 25930 1 1 36200 32600
.13833 273.5 16379 2310 I 1 33300 30000
184D 259.5 15617 2150 1 1 32400 29200
L1635 2Lb3y. 8 1L672 1680 1 1 25600 mmooo
.123% 265.8 15996 1810 I 1 27400 2 Noo

.18Lko 229.5 Hmmﬁ 2015 1 1 30400 27
.1840 2L3.5 1késy 1LL5 I 1 21800 12600
.1903 23E.5 wrumw 2150 1 1 30300 27300
.18, 2790.0 16249 2390 1 1 31300 28200
187 2Ll .3 14702 2L50 1 1 315500 32000
L1849 6561 244, 0 1L684 2.24 1830 1 1 27700 24900
.1E38 6666 249,95 15015 2.25 1915 1 1 <9000 26100
L1838 6635 238.8 1b371 2.17 1625 1 1 24600 22100
.1260 6630 245.9 1L77k m.ww 1790 b 1l 26400 mmmoo
.1865 6859 237.6 14299 2. 1820 b 1 26800 2L100
.127% 247.8 14913 2310 Ir 1 32800 29500
. 1845 6362 2L3.8 14672 2.11 1750 I 1 26200 umwoo
.191 7316 263.8 15875 2.26 1930 1 1l 27000 24300
.190 7317 256.2 15418 2.11 2240 Ir 1 31400 28300
19095 7006 275.2 16562 2.36 2015 I 1 28300 25500
.1920 6986 278.2 16742 2.40 2165 1 1 30000 27000
.1905 7109 249.0 14985 2.11 2169 1 1 30400 27400
.1883 7300 277.0 16670 2.18 2080 1 1 35000 27000
L1909 6777 2L2.5 1L59L 2.1 2380 b 1 33700 meS
.1898 6811 253.9 wmmwo 2.2 2070 I 1 29300 00
.1896 6869 275.% 16580 2.Lo 2170 1 1 31200 28100
1870 6757 22L.5 13510 2.00 1500 1 1 21900 19700
ean Hean Mean Mean Mean
6870 15270 2.22 29300 26370

SD 8D
oy iy

High

36200 uwmoo

Low Low
21800 19600
Range Range
14400 13000

L2




TABLE 22
INDIVIDUAL TESTING RESULTS,ANNEALED TYPE I MIL-G-25667
SAMPLE SIZE 6-1/8 x 6-1/8 x 1/% IN., TESTING METHOD 3 AND 6 IN. DIAMETER CONCENTRIC RINGS,
TESTING MACHINE - INSTRON, LOADING RATE 6000 PSI/MIN.

Average Breaking Fracture Breaking

Sample Thickness Load Fracture Origin Stress
No. in. 1b. Origin Factor psi.
1 <2445 1232 I 1 10500
2 . 2448 984 0.11"T O .93 7800
.m:mm 1460 I 1 12600
w <2442 1376 0.13"T 0O 94 11100
5 - 2445 1229 I 1 8800
6 . 2428 1006 I 1 8700
7 .2428 1182 I 1 10200
8 .2428 121k 1 1 10500
9 2425 1026 I 1 8900
10 .mrmm 426 I 1 3700
11 . 2442 1440 0.12"T O .96 11800
12 - 2440 1268 Ir 1 10900
1 .2438 972 Ir 1 8400
l . 2408 1210 I 1 10700
15 .2410 600 Ir 1 5300
16 . 2408 626 1 1 5500
17 .2410 934 Ir 1 8260
18 .2395 1270 I 1 11300
19 . 2405 1150 I 1 10200
20 .2398 830 I 1 7400
21 . 2408 1C74 I 1 9500
22 - 2100 936 I 1 8300
23 . 2408 1104 1 1 9700
24 . 2405 1190 I 1 10500
25 .2410 1120 I 1 9800
26 2412 1152 Ir 1 10100
27 2412 924 I 1 8100
28 2432 1270 I 1 11000

Mean

270

sb- !

2080

High

12600

Low
muﬂoo
43 ange

€900




TABLE 23
) INDIVIDUAL TESTING RESULTS, 1/2 TEMPER TYPE I MIL-G-25667
SAMPLZ SIZE 6-1/8 x 6-1/8 x 1/4 IN., TESTING METHOD 3 AND 6 IN. DIAMETER CONCENTRIC RINGS,
TESTING MACHINz - INSTRON, LOADING RATE 6000 PSI/MIN.

Average Center Average Surface Surface Breaking Fracture Breaking
Saaple Thickness Tension DSk Compression To Center Load Fracture Origin Stress
No. in. _pst. Feading psi. Ratio 1b. Oorigin Factor psi.
1 .2410 3995 154.6 wwor 2.33 2560 I 1 22500
2 .2240 3092 177.3 10670 2.7% 2425 I 1 24700
m .2410 4068 160.3 96T 2.37 2660 0.13"h 0 .83 19400
2415 3855 152.0 91k7 2.37 2245 I 1 19700
5 .24kl 3951 199.0 11976 3.03 2930 I 1 25700
6 241 L3138 172. 10369 2.39 2665 I 1 23300
1 .2388 3965 155. 9376 2.36 wmqo I 1 23000
8 .237 moro 154.5 9298 2.36 2480 I 1 22500
9 240 109 160.2 96h1 2.3% 2800 I 1 24700
10 2415 L356 161.4 9713 w.mw 2335 I 1 20500
11 2243 m 6 155.8 9376 2.3 2425 Ir 1 24600
12 .mmqo 17 157.8 6 2.27 2650 Ir 1 24100
1 241 81 134.4 088 2.12 2380 I 1 20900
1 .236 063 166.2 10002 2.46 2120 I 1 19300
15 .2393 4340 179.0 10772 2.48 2210 I 1 19700
16 .2365 L1kl - 143.5 8636 2.08 2780 0.38"T 34°* 0 .79 20100
17 .2370 L09 159. 9599 2.34 2040 I 1 18600
18 .mmoo 4247 159. 9617 2.26 2780 0.38"FR 0 .64 15900
19 .2 pw 4255 174.8 10519 m.:m 2790 I 1 24400
20 .2bl 4103 175.8 10580 2.5 2810 I 1 24600
21 .2403 mm:u 149.2 8979 2.36 2400 1 1 21200
22 .2390 020 144.8 8714 2.17 2600 1 1 23300
wm .2410 3906 160.0 9629 2.47 2710 I 1 ~w
.2368 wwm 191.5 11524 2.89 2050 I 1 18700
25 .2395 1 173.3 10429 2.49 2725 I 1 24300
Mean Mean Mean Mean
4060 9800 2.4k1 mwouo
2560
High
25700
Low
15900
Range
9800




TABLE 2k
INDIVIDUAL TESTING RESULTS, 3/4 TEMPER TYPE I MIL-G-25667
SAMPLE SIZE 6-1/8 x 6-1/8 x 1/4 IN., TESTING METHOD 3 AND 6 IN. DIAMETER CONCENTRIC RINGS,
TESTING MACHINE - INSTRON, LOADING RATE 6000 PSI/MIN.

Average Center Average Surface Surface Breaking Fracture Breaking
Sample Thickness Tension DSR Compression To Center Load Fracture Origin Stress
No. in. psi. Reading psi. Ratio 1lb. Origin Factor psi.
1 .2378 6401 272.3 16381 2.56 3545 I 1 32000
2 .2378 6401 2k2.5 14594 2.28 2950 I 1 26700
m .2370 6200 251.5 15135 2.44 3535 I 1 32200
.2358 6347 278. 16748 2.64 3250 Ir 1 29900
5 .2383 6656 262. 15815 2.38 3270 Ir 1 29400
6 .2370 6665 264.3 15900 2.38 3060 I 1 27800
7 .2375 6475 282.3 16983 2.62 3355 I 1 30400
8 .2370 5921 214.0 12879 2.18 3080 I 1 28000
9 .2365 6622 281. 16923 2.56 3415 I 1 31200
10 .2398 6686 251. 15153 2.27 3760 I 1 33400
11 .2375 6209 259.3 15599 2.51 3290 I 1 29800
12 .2370 6812 280.0 Hmmmo 2.7 3330 I 1 30300
1 .2375 6467 253.3 15244 m.mo 3110 I 1 28200
14 2415 6492 260.0 Hmm:< 2.41 3235 I 1 28300
15 .2373 6486 248.4 14949 2.30 3335 I 1 30300
16 2418 6399 273.0 16429 2.57 3645 I 1 31900
17 .2378 6528 255.0 15346 m.mm 3310 I 1 29900
18 .2363 6643 274.0 16489 2.48 2965 I 1 27100
19 .2370 6492 282.5 17001 2.62 3150 I 1 28700
20 .2363 6200 256.5 15436 2.49 3660 I 1 33500
21 .2370 6505 275.0 16550 m.m: 3485 I 1 31700
22 .2370 6643 269.4 16212 2.4Y4 3025 Ir 1 27500
2 .2368 6599 275.3 16568 2.51 3110 I 1 28300
2 .2370 6482 271. 16321 m.mm 3765 I 1 34300
25 2415 6145 246. 14852 2.42 2500 0.06"R O .92 20200
26 .2390 5693 287.0 17272 3.03 2505 I 1 22410
Mean Mean Mean Mean
6430 15900 2.47 mmwoo
HIgR'
wwwoo
w
20200
Range
14100

45




SAMPLE SIZE 6-1/8 x 6-1/8 x 1/% IN., TESTING METHOD 3 AND 6 1IN,

TABLE 25
INDIVIDUAL TESTING RESULTS, FULL TEMPER TYPE I MIL-G-25667

TESTING MACHINE - INSTRON, LOADING RATE 6000 PSI/MIN.

Average Center
Sample Thickness Tension
No. in, psi
1 .2372 738
2 .2368 wmom
m .2358 7116
.2368 w:mm
5 .2370 71
6 02372 7082
7 2418 7208
8 .2370 wmmw
9 ,mmvm
10 .2400 qpor
11 mmw 7146
12 240 7101
1 .2380 7238
1 .2398 7138
15 .2370 7157
16 .2375 6748
17 2372 7182
18 mmwm 7261
19 240 7155
20 .2375 6690
21 .2370 7148
22 .2375 7167
2 .2372 7195
2 .2370 7579
25 .2372 7310
Mean
7160

Average

DSR

Reading

32k,
285.

s

273.9
299.
286.
286,
N;mo
Nmpc
Nmmo
272,
291.
300.
286.
272.
277.
286
282,
29
28
308.
301.
28k,
297.

2
0
.0

8
]
8
8
0
0
0
2
0
2
0
2

o2

]

.2
.8
m,

0
0
8

Surface Surface Breaking
Compression To Center Load
psi Ratio 1b,
19510 2.64 3700
17151 2.32 3450
17151 2.41 3695
17121 2.30 3930
16459 2.30 uwmo
18 2.54 3840
17242 2.39 3380
17260 2.36 3660
14973 2.32 3060
16911 w.mm 3575
17151 2.40 3819
1636 M.WH 3460
1752 2.42 3505
18054 m.mu 3940
17224 2.4 3360
Howoo 2.43 3480
16682 2.32 3285
17224 2.37 3250
17001 2.38 3530
17885 2.67 3440
Hmwmo 2.43 3380
18566 2.59 3080
1811k 2.52 3490
17091 2.26 3630
17922 2.45 27
Mean Mean
17300 2.42

46

Fracture
Origin

0.1"R

0.2"T

R O A A e A O A b b

Fracture

DIAMETER CONCENTRIC RINGS,

Origin

Factor

Breaking
Stress
psi

HEHH HREREREERRRE R R

.
x©
oo

0
e

33600
31400
34000
26700
30300
34300
295
33300
27700
31760
29800
30500
31600
35000
30600
31500
29800
28900
31100
31200
28900
27900
31700
33000
900

Mean

30780
S

D

2480
High
35000
Low
24900
Range
10100




TABLE 26
INDIVIDUAL TESTING RESULTS, ANNEALED TYPE I MIL-G-25667

SAMPLE SIZE 6-1/8 x 6-1/8 x 1/2 IN., TESTING z&amoo 3 AND 6 IN. DIAMETER CONCENTRIC RINGS,
TESTING MACHINE - INSTRON, LOADING RATE 4000 PSI/MIN.

Breaking
Average Breaking Fracture Breaking Stress - psi
Sample Thickness Load Fracture Origin Stress Excluding
No. ) in. 1b. Origin Factor psi Edge Breaks
1 L4822 6290 I 1 13800 13800
2 4835 L4220 I 1 9200 9200
m L4840 5690 I 1 © 12400 12400
.:mwm 6420 OE .50 7100
5 .4825 4900 OE .50 5400
6 .rmmo 5480 Or .50 6000
7 5130 0.36"T O .88 9800 9800
8 .4+838 5170 ~ OE .50 5600
9 4830 5620 Or . .50 6200
10 4855 5520 Or .50 6000
11 4810 2620 0.2"T 3%* 0 .87 5000 5000
12 .rmwm 4750 . I 1l 10500 10500
1 4820 5700 Or .50 6300
1 L4810 5700 I 1 12600 12600
15 4855 5000 OE .50 5400
16 L4862 6080 Or .50 6600
17 860 5400 I 1 11700 11700
18 L4842 5610 I 1 12200 . 12200
19 L4812 Nmoo OE .50 700
20 4835 60 CE .50 900
21 4912 6590 Ir 1 14000 14000
22 .41888 5850 Or .50 5300
2 .:mmm 030 OE .50 m 00
2 4865 360 OB .50 700
25 4955 4060 OE .50 4200
26 4915 4900 Ir 1 10400 10400
27 4905 4280 1 1 9100 9100
28 4922 060 Or .50 5300
29 4939 00 I 1 9200 9200
Mean 7930 Homoo
SD 13090
High 14%000 14000
Low L4200 5000
Range 9800 9000

47
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TABLE 27
INDIVIDUAL TESTING RESULTS, 1/2 TEMPER TYPE I MIL-G-25667
SAMPLE SIZE 6-1/8 x 6-1/8 x 1/2 IN., TESTING METHOD 3 AND é IN. DIAMETER ZONCENTRIC RINGS,
TESTING MACHINE - INSTRCN, LOADING RATE 4000 PSI/MIN.

Average Center Average Surface Surface Breaking Fracture Breaking

Sample Thickness Tension DSR Compression To Center Load Fracture Origin Stress

No. in, psi Reading psi Ratio 1b, Origin Factor psi
1 .4883 Lo7k 1k5.0 8726 2.14 9885 I 1 21200
2 9Lo 4210 140.0 82y 2.00 10000 1 1 20900
m L4+890 4332 159.8 9617 2.22 13380 I 1 28600
4910 4391 153.0 9208 2.10 14730 1.35"T O .55 17200

5 1890 L159 117.0 7041 1.69 9810 0.65"T © .82 17200
6 L4888 Lo5s5 138.3 mmmw 1.96 9810 I 1 21000
m 14890 4308 196.3 9406 2.18 13470 0.25"T © .92 26500
L1928 4721 157.5 9478 2.01 11400 1 1 24000

9 4925 4700 218.0 13119 2.79 11340 I 1 23900
10 4910 %4169 142.0 8546 2.05 11070 I 1 23500
11 L1925 Los52 152.3 9165 2.26 13110 1 1 27600
12 1890 4169 153.5 9238 2.22 11320 1 1 25300
1 4968 4212 153.8 9256 2.20 9330 I 1 19300
1 4885 4361 158.8 9557 2.19 10680 I 1 22900
15 4879 L265 136.8 8233 1.93 13335 I 1 28700
16 L4948 4361 166.0 9950 2.29 10785 I 1 22500
17 4975 4338 131.5 791k 1.82 8730 0.35"T O .89 16000
18 1933 4313 169.5 10201 2.37 14370 I 1 30200
19 4970 Lok 153.5 9238 2.17 9030 1 1 18700
20 1920 L4 167.3 10068 2.28 15570 I 1 32900
21 560 4370 145.0 8726 2.00 9225 1 1 19700
22 L4895 4308 Hrw.w 8985 2.09 10650 I 1 22700
2 14920 wmmm 151. 9135 2.09 12000 Ir 1 25300
2 L4879 1 158.% 9539 2.16 12750 I 1 27400
25 4928 4233 163.0 9809 2.32 10635 I 1 22400

Mean Mean Mean Mean

4330 9240 2.14 mw:mo

4310

High

32900

Low

16000

Range

16900

48
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INDIVIDUAL TESTING RESULTS, 3/4% TEMPER TYPE I MIL-G-25667
SAMPLE SIZE 6-1/8 x 6-1/8 x 1/2 IN., TESTING METHOD 3 AND © IN. DIAMETER CONCENTRIC RINGS,
TESTING MACEINE - BALDWIN, LOADING RATE 5000 PSI/MIN.

Average Center Average Surface Surface Breaking Fracture Breaking
Sample Thickness Tension D3R Compression To Center Load Fracture Origin Stress
No. in. psi Reading psi _Ratio 1b. Origin Factor psi
1 14928 5032 212.8 12806 2.54 13820 I 1 29100
2 4900 5091 223.0 13420 2.64 13550 I 1 28800
m 4885 5096 206.8 124435 2.44 12100 I 1 25900
.:owm 5085 216.5 13029 2.56 14020 Ir 1 29400
5 14883 5083 217.8 13107 2.58 11980 0.10"T 0 .97 24900
6 .4885 5080 213.0 12818 2.52 15630 I 1 33500
7 .1885 5099 186.5 11224 2.20 12890 I 1 27600
8 1+895 5048 207.8 12505 2.48 14420 I 1 30800
9 .14+878 5112 195.5 11765 2.30 11280 I 1 24200
10 4895 5117 210.5 12668 2.48 12100 0.12"T 0 .96 24800
11 L4915 5187 216.8 13047 2.52 10750 I 1 22700
12 14913 506k 221.5 13330 m.mw 11550 1 1 24500
1 4883 5053 191.8 115 m 2.2 13400 i 1 28700
1 14875 5080 191.5 1152 2.27 8810 I 1 18900
15 14898 5112 200.0 12034 2.35 10490 I 1 22300
16 4900 5165 210.3 12656 m.mm 13800 I 1 29400
17 4920 5192 221.5 13330 w.mw 12160 I 1 25700
18 .L905 5016 206.0 12397 2.4y 11700 0.04"T 0O .99 24600
1 14913 122 211.8 12746 2.49 11820 I 1 25000
20 .4+880 952 21k.3 12897 2.60 14100 I 1 30300
21 LoL3 L4707 208.3 12529 2.66 13920 I 1 29100
22 14885 5219 206.3 12409 2.38 11550 I 1 24700
2 4903 5123 223.0 13420 2.62 14130 I 1 30000
2 11885 5181 178.0 10712 2.07 ik760 I 1 31600
25 1938 5136 210. 12656 2.6 12780 I 1 26300
26 4885 5064 203. 12265 2.42 12150 I 1 260090
27 14933 5184 222.8 13408 2.99 15240 I 1 32000
Mean Mean Mean Mean 27090
5090 12540 2.47 SD 3380
High 33500
Low 18900
Range 14600

Lo
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 TABL: 29
INDIVIDUAL TESTING RuSULTS, FULL TEMPER TYPE I MIL-G-25667
SAMPLL SIZE 6-1/8 x 6-1/8 x 1/2 IN., TESTING METHOD 3 AND 6 IN, DIAMETLA CONCENTRIC RINGS,
TESTING MACHINE - SALDWIN, LOADINC RATE 5000 PSI/NIN.

Breaking
Average Center Average Surface Surface Breaking Fracture Bresking 3tress - psi
Sample Thickness Tension D3R compression To Center Load Practure Origin Stress Excluding
—bo, __in. =~ _psl Beadipg __psl = __Ratio __ 1b., = _Origin _Factor _ psl  Edze Breaks
1 L96s 7796 285.5 17181 2.20 11980 1 1 24800 24800
2 k97 7799 312.3 wmuor 2.44 12860 1 1 26600 26500
m 493 7977 300.0 18054 2.26 12860 1 1 27000 27000
4878 8035 294.3 17711 2.20 15280 oL .50 16400
5 43590 820 256.0 15406 1.93 14340 1 1 29900 29900
6 Lobo 817k 296, 17861 2.19 16849 1 1 35300 35300
7 14928 uuom 300.0 18054 m.mw 12190 ot .50 12800
8 4905 790 321.0 19318 2. 15860 I 1 33700 35700
9 L4943 7876 329.0 19799 2.51 1290 1 1 29900 29900
19 Lok 64 323.8 19486 m.mo 13580 ok .50 14200
11 Le8 051 325.3 19577 2. m 15780 0.13"T 0O .96 32400 32400
12 4923 7615 296.3 17831 2.3 13069 1 1 27500 27500
1 .:wo 7721 328.5 19769 2.56 153890 1 1 32700 32700
1 487 8150 306.3 18433 2.26 1510 1 1 umyoo umpoo
15 L4925 8222 251.3 15123 1.84 16160 1 1 34000 34000
16 .14889 7948 288.3 17350 2.18 12280 1 1 26490 26400
1 4865 7953 umm.w 19577 2.46 18470 I 1 9900 9900
1 4905 7897 321. 19366 2.45 18920 1 1 0200 0200
19 4865 788 283.3 17049 2.19 12160 0.17"T 0 .95 24900 24900
20 4883 Okl umw.u 19577 2.43 17540 I 1 37600 37600
21 4915 7841 328.5 19769 m.mm 16490 1 1 34900 34900
22 4955 7769 317.9 19107 2.k6 17449 I 1 36300 uwmoo
2 4920 7551 340.0 20461 2.71 16770 1 1 35 35400
2 4933 7689 2 H.m 16327 2.12 1k540 1 1 30500 30500
25 490 7349 282. 17019 2.32 13800 0.14"T 0 .96 28200 28200
26 1491 7673 264 .8 15936 2.08 16260 0.10"T -0 .97 33300 33300
Mean Mean Mear * Mean Mean
78590 , 18980 2.32 29920 31930
3D 3D
7130 Ls4o
High High
40200 40200
Low Low
12800 24820
Range Range
27400 15400




TABLE 30
INDIVIDUAL TESTING RESULTS, ANNEALED TYPE I MIL-G-25667

SAMPLE SIZE 6-1/8 x 6-1/8 x 3/4% IN., TESTING METHOD 3 AND 6 IN. DIAMETER CONCENTRIC RINGS,
TESTING MACHINE - BALDWIN, LOADING RATE 5000 PSI/MIN.

Breakin
Average Breaking Fracture - Breaking mwnmmm..WmH
Sample Thickness - Load Fracture Origin Stress Excluding
No, in, 1b. Origin Factor psi_ Edge Breaks
1 .7390 9750 OE .50 L600
2 L7412 8250 I 1 7700 7700
m 7410 6600 OE .50 3100
.7362 14700 0.7"T O .76 10500 10500
5 .7368 12620 . OE .50 5900
6 .7352 15920 0.32"T O .90 13500 13500
7 .7365 19320 1 1 18200 18200
8 .7359 11560 0.58"T O .80 8700 8700
9 .739% 7820 OE .50 3700
10 .7382 13220 OE .50 6200
11 .7392 5920 OE .50 2800
12 .7358 16400 0.8"T 0 .73 11300 11300
1 , .7350 6080 OE .50 2900
1 L7412 7000 1.4"T O .93 3500 3500
15 .7388 15420 . Or .50 7200
16 .wmmm 10580 1.38"T 0 .Sk 300 5300
17 . 7402 10000 - . Or .50 700
18 .7418 10880 1.38"T 0 .5k 5500 5500
19 .7378 14360 1 1l 13500 13500
20 .7372 14840 Or .50 7000
21 .7360 13000 0.6"T O .80 9800 9800
22 .7378 9720 0.55"T O .82 7500 7500
Mean Mean
7410 9580
SD SD
4020 4150
High High
18200 18200
Low Low
2800 3500
Range Range
15400 14700

51




TaBLE 31
INDIVIDUAL ToSTING RLSULTS, FULL T<MPLR TYPe I MIL-G-25667
SaMPLe SIZL 6-1/8 x 6-1/8 - 3/4 IN., TeSTING METHOD 3 AND 6 IN. DIAMETER CONCENTRIC RINGS,
T..STING HaCHINn - BALDWIN, LOADING RATE 5000 PSI/MIN.

Breaking
Average Center Average Surface Surface Breaking Fracture Breaking Stress - psi
Seaple Thizkness Tension DSR Compression To Center Load Fracture Origin Stress _Excluding

—No. __in.  __psl Beadlog ____psi = __Ratlo __1b, = _Origin _Factor _ psi = idge Breaka

1 L7435 8152 409, . 24102 2.96 49150 - 1 L5400 L5400
2 747 8977 71. 22375 2.77 39850 I 1 36600 36600
m L3 8120 12.8 24842 3.06 39350 1.26"T O .58 21200 21200
L7420 8360 77.9 22718 2.72 6700 1 1 34100 34100
5 .7375 8290 02.0 24192 2.99 5600 or .5 21400
6 7420 8283 399.5 2L0h2 w.wm 47900 1 1 L4500 L4500
7 .ummu 8196 99.0 Nmruo 2. L5450 Ir 1 42600 42600
8 iS5 8211 00.0 2ho72 m.wu m 350 1 1 5700 5700
9 7420 8328 mmo.u 23428 2.81 5900 1 1 2600 2600
12 .7390 8154 19.0 25215 3.99 L3250 I 1 L2500 L0500
11 .7383 8175 402.0 2b192 2.96 37000 Or .5 17300
12 .vmmm 7877 8.0 22868 2.90 2950 1.35"T O .55 17000 wmooo
1 742 8205 12.5 26824 3.03 1700 I 1 3 Noo 38700
1 742 8277 360. 21695 2.62 33350 Or .5 15400
15 L7410 8475 92. 23639 2.79 7630 Or .5 17500
16 7400 8403 6.0 2kL33 2.91 ok 00 Ir 1 37700 37790
17 7433 mmow 183.8 23097 2.93 38950 1 1 36000 36000
18 L7420 56 393.5 23681 2.77 29720 Or .5 9600
19 7403 826 490.9 24072 m.mw moomo Or .5 18600
20 L7435 8190 umm.u mwmwm 2.88 7450 b 1 43900 L3900
21 L7430 8354 387.3 23 m.mm 42900 1 1 39700 39700
22 7410 8247 mmo.u 23428 2. 393590 I 1 36600 36600
2 7435 806 -4192.5 2h70h 3.16 35350 1 1 32700 32700
2 7410 183 mmq.o 23290 2.85 mmomo 1 1 moNoo mmwoo
25 - 7405 8137 14.3 24933 3.06 8700 Ir 1 5400 00
Mean Mean Mean Mean xmnz
8192 23779 2.90 32060 36930
SD SD
11190 7640
High High
L5400 :mmoo
Low Low
9600 17000
Range Range

35800 28400




TABLE 32
INDIVIDUAL TESTING RESULTS, ANNEALED TYPE I MIL-G-25667
SAMPLE SIZE 12-1/% x 12-1/% x 1/2 IN., TESTING METHOD 6 and 12 IN. DIAMETER CONCENTRIC RINGS,
TESTING MACHINE - BALDWIN, LOADING RATE 5000 PSI/MIN.

Average Center Breaking Fracture Breaking

Sample Thickness Tension Load Fracture Origin Stress
No. in. psi 1b. Origin Factor psi
1 . 5000 244 4580 1 1 omoo
2 . 5000 mmm 4520 ir 1 9400
m .mooo 246 00 Ir 1 9200
4980 240 L2410 I 1 8900
5 4980 248 4780 1 1 10000
6 L4490 228 5980 1 1 12500
7 14958 mmm 5560 1 1 11800
8 972 240 5720 I 1 12000
9 4952 229 5500 Ir 1 11700
10 4932 236 820 1 1 8200
11 14968 mmu 720 1 1 9900
12 .4+985 2y L4940 I 1 10300
e 1 . 5000 240 5500 I 1 11400
1 .5010 241 260 1 1 10900
19 .5008 233 76C 1 1 9900
16 .5025 230 L4740 1 1 9800
17 14990 228 4920 I 1 10300
18 .5025 229 500 Ir 1 11300
19 975 232 880 1 1 10300
20 4995 232 5600 I 1 11700
21 4975 234 mmmo I 1 11900
22 L1952 229 780 1 1 10100
2 L4975 232 240 I 1 11000
2 4995 230 960 1 1 10300
25 4985 mmm 5220 0.3"T O .96 10400
26 L1968 2ko 6000 I 1 12600
27 14965 230 6220 I 1 13100
28 4958 226 5660 I 1 12000
29 4995 226 5300 1 1 11000
Mean Mean 10740
235 , SD 1200
High 13100
Low 200
Range 4900

53




TABLE 33
INDIVIDUAL TESTING RESULTS, 1/2 TEMPER TYPE 1 MIL-G-25667
SAMPLE SIZE 12-1/4% x 12-1/% x 1/2 Hz.v HmeHzo METHOD 6 and 12 IN. DIAMETER CONCENTRIC RINGS,
TESTING MACHINE - BALDWIN, LOADING RATE 5000 PSI/MIN.

Average Center Average Surface Surface Breaking Fracture Breaking
Sample Thickness Tension DSR Compression To Center Load Fracture Origin Stress

No., in. psi Reading psi Ratio 1b. Origin Factor psi
1 015 4486 158.8 9557 2.13 10840 I 1 22400
2 4982 L4 62 154.0 9268 2.08 10920 I 1 22900
m 4922 L4 169.0 ~ 10170 2.30 12680 1 1 27200
4960 LL8 164.0 9870 2.20 11800 1 1 24900
5 4968 4430 - 166.8 1003 2.27 11200 I 1 23600
! 6 4985 L2l 163.8 985 2.13 12140 1 1 25400
“ 7 1950 L4626 168.0 10110 2.19 11720 I 1 900
“ 8 4988 :mm: 159.5 9358 2.05 10540 I 1 22000
| 9 :orm 168.5 10140 2.27 12240 1 1 26000
_ 10 022 rmwm 163.5 9839 2.17 10160 I 1 20900
| 11 oqm :qu 171.8 10336 2.28 10580 1 1 22200
! 12 :mmo m 160.8 9674 N.Hw 10960 I 1 23000
| 1 1968 185.5 11163 2.4 11920 1 1 25100
m 1 .5022 r:um 172.0 10351 m.um 11200 I 1 mwoo

V 15 .4982 4358 169.8 10216 2.3 11440 1 1

| 16 1952 Li9g 161.0 9689 2.15 12660 I 1 26800
ﬁ 17 .5032 L4560 160.5 9659 2.12 9980 I 1 20500
“ 18 .5018 26 178.0 10712 2.4k2 11680 1.17"T 0 .80 19300
m 19 .5022 Ll 162.0 9749 2.20 10100 1 1 20800
| 20 .5015 ::wo 155.8 9376 2.12 9820 I 1 20300
21 985 rrm 173.2 10426 2.32 10980 1 1 23000
22 4952 w 165.8 9975 2.25 12640 I 1 26800
2 4980 167.2 10065 2.30 11520 I 1 24200
2 978 m 155.0 9328 2.10 12280 1 1 25800
25 1955 Ly oo 164.8 9918 2.26 11060 1 1 23400
26 .5010 4418 150.5 9057 2.05 10940 I 1 22700

| Mean : Mean Mean Mean
‘ 4480 9920 2.22 mwmpo
| 2150
High
27700

Low
19300
Range
7900

5L




INDIVIDUAL TESTING RESULTS
SAMPLE SIZE 12-1/4% x 12-1/4% x 1/2 IN., TESTING METHOD 6 and 12 IN. DIAMETER CONCENTRIC RINGS

TABLE 34
, 3/4 TEMPER TYPE I MIL-G-25667

TESTING MACHINE - BALDWIN, LOADING RATE 5000 PSI/MIN.

Average Center
Sample Thickness Tension
No,. in, psi
1 14968 5031
2 .5005 5272
m 4898 5069

L9ko 5293

;o oum
7 .romo 511k
8 992 5059
9 14915 5436
10 .4+980 5421
11 4965 Shil
12 4900 5676
1 4930 5591
1 .rQWm mmmm
15 4980 5400
16 4935 5453
17 4950 S410
18 .5025 5640
19 4992 5329
20 14965 5429
21 4992 5325
22 4960 5276
2 .501% 5265
2 4995 5016
29 .5009 531k
26 4938 5299
27 9ks 5368
Mean

5320

Average

DSR

Reading

193.5
201.2
209.0
215.0
222.8
H@@om
218.2
203.8
231.2
213.2
219.2
237.2
233.5
21L.8
224.8
225.8
223.5
209.5
216.2
218.8
204.5
218.8
211.5
181.8
218.2
209.5
217.2

Surface Surface Breakiig
Compression To Center Load
psi Ratio 1b.
11645 2.31 13000
12111 m.mo 11580
15950 Sk 1ihes
13408 2.48 11780
1313 230 1326
12262 wnmm 11480
13917 2.56 13520
jo83s SB6 12359
Hmmwm 2.52 13480
14052 m.mp 13320
12924 2.40 12240
13525 m.mo 12960
w mw w.:w 1 wmw
12608 2.2 11810
1301k 2.4 12830
13164 2.42 13520
GO
12728 m”mm 11470
10938 2.18 14900
13134 2.4 12760
12608 m.mm 13840
1307k 2. 13140
Mean Mean
12910 2.42

55

Fracture
Origin

0.2"T 23

A A A A A A A e O

Y

Fracture Breaking
Origin Stress

Factor psi

O R b e e et e b b e e 0 R e e

27400
24000
30500
22800
25300
24200
24800
24000
29100
32500
34300
29200
28500
26100
27200
29600
29800
24300
26800
28500
25900
28000
23700
31100
26500
29500
27900

Mean 27460
SD 2880
High urwoo
Low 22800
Range 11500

0
=

R Ll




INDIVIDUAL TESTING RESULTS
SAMPLE SIZL 12-1/% x 12-1/% x 1/2 IN., TESTIN

TABLE 35

§

FULL TEMPER TYPE I MIL-G-25667
METHOD 6 and 12 IN. DIAMETER CONCENTRIC RINGS

TESTING MACHINE - BALDWIN, LOADING RATE 5000 PSI/MIN.

Average Center
Sample Thickness Tension
sz in, Unv.H
1 L9h2 7515
2 4960 7331
m C10 wwwm
960 7353
5 owm 7642
6 om 7395
7 m 0 wmmw
8 958 7474
9 4965 7549
10 4982 79591
11 4985 7487
12 L1992 7578
1l 14910 735
1 4978 73
15 .5060 7280
16 4928 7323
17 1960 umrm
18 . 5005 7410
19 960 7587
20 wwwm 7636
21 950 7500
22 L1932 wmmm
2 L4972 7566
2 4970 7425
25 .5015 uw:m
Mean
72440

Average
DSR

Reading

300.2
291.8
292.8
315.2
340.2
315.8
320.0
293.0
325.0
umm. m
271.8
337.4

.mm

Surface Surface Breaking
Compression To Center Load
psi Ratio 1b.
18069 2.40 16340
17558 2.40 15000
17618 2.40 13560
18972 2.58 15340
20476 2.68 15840
19002 2.57 15360
19258 2.61 H 9o
1763 2.36 14500
1955 2.59 15220
19769 2.60 12900
16354 2.18 15310
20305 2.68 16680
17422 2.37 14100
17843 2. 15240
17061 2.3% 520
17437 2.38 16140
19047 2.959 17060
18866 M.mm 13740
19273 2.5 17340
21617 2.83 15560
18746 2.50 19600
19874 2.66 17720
20179 2.67 17120
19859 2.67 15420
18490 2.59 13980
Mean Mean
18810 2.93

Fracture
Origin

0.1"T 6&

0.1"T

O H H
e ]

o~

HH:‘HHHHHOHHHHHHHHHHHH

Fracture
Origin
Factor

Breaking
Stress
psi

*
\O
(o

el ol el e el e e e ol ol ol ok = SN S S SVY ST SV Wy STy
0
ﬂ

34800
31700
28100
29300
32600
32800
32600
30700
32100
27000
32000
34800
30400
32000
29500
34600
35000
28500
36700

3100

1600
37900
36000
32500
28900

Mean
32610
SD
3350
igh
41600
Low
27000
Range
14600




TABLE 36
INDIVIDUAL TESTING RESULTS, ANNEALED TYPE I MIL-G-25667
SAMPLE SIZi 12-1/% x 12-1/% x 3/% Ix., TESTING METHOD 6 and 12 IN. DIAMETER CONCENTRIC RINGS3,
TESTING MACHINE - BALDWIN, LOADING RATE 5000 PSI/MIN.

Average Center Average Surface Surface Breaking Fracture Breaking
Sample Thickness Tension DSR Compression To Center Load Fracture Origin Stress
No, in. psi Reading psi Ratio 1b. Origin Factor psi
1 ,\:mm 328 15240 I 1 14300
D) .7 302 12740 1 1 12000
3 L7435 312 wmwoo 1 1 14200
L .7500 31k 1hhl 0.29"T 0 .96 12900
5 .7518 349 10120 I 1 9300
6 .7508 320 9120 0.50"T 0 .92 7700
7 .7482 296 12480 I 1 11600
8 . 7495 296 14840 I 1 13700
9 <7440 309 12320 1 1 11600
10 .7532 301 10400 0.50"T 0 .92 8800
11 7478 306 10840 I 1 10100
12 .7519 290 8240 1 1 7600
1 7522 221 9400 I 1 8600
1 um:m 274 8920 Or .50 4100
15 7512 2Lks 10120 I 1 9300
16 .7510 325 9800 Or .50 4500
17 L7450 322 12060 0 .50 9600
18 7432 328 14180 1 1 meoo
19 L7425 341 13600 OE .50 6400
20 .7450 325 14500 1 1 13600
21 .7528 343 15500 0.55"T 0 .91 12500
22 .7528 346 - 12640 Ir 1 11600
2 .qmom 240 : 7960 1.25"T 0 .79 5800
2 7425 346 14180 I 1 13400
25 .7438 325 11260 I 1 10600
26 .7528 32 13460 1 1 12400
27 .7520 32 11980 Ir 1 11000
28 .7538 322 12120 1 1 11100
29 .7512 328 9L 20 I 1 8700
30 .7530 317 15580 I 1 14300
31 .7h62 309 13520 I 1 12600
Mean Mean 10570
311 SD 2890
High 14300
Low 4100

Range 10200
57




TABLE 37
INDIVIDUAL TESTING RESULTS, FULL TEMPER TYPF I MIL-G-25667
SAMPLE SIin 12-1/% x 12-1/% x 3/4% IN., TESTING METHOD 6 AND 12 IN. DIAMETER CONCENTRIC RINGS,
TESTING MACHINE - BALDWIN, LOADING RATE 5000 PS3I/MIN.

Average Center Average Surface Surface Breaking Fracture Breaking
Sample Thickness Tension DSR Compression To Center Load Fracture Origin Stress
No. in. psl Readling psl Ratio 1b. Origin Factor psi
1 .7502 8060 386.0 mwmmm 2.88 31300 I 1 28900
2 L7448 8083 wmm.m 2145 2.65 40200 Ir 1 37700
3 .T455 BOT7 372. 22432 2.77 39500 I 1 37000
h .7502 8247 414.0 24915 3.02 39200 1 1 36200
5 .7560 8509 369.0 22206 2.61 kho000 I 1 40000
6 L7572 8188 k00.0 24072 2.94 43900 I 1 39800
7 L7502 7591 347.2 momm: 2.75 35350 I 1 32700
8 .q:mo 7715 354.6 21340 2.77 38100 I 1 35300
9 .Thls 7689 3444 20726 2.69 36200 I 1 34000
10 .T460 7655 351.8 21168 2.76 38600 I 1 36100
11 L7562 7685 365.4 21990 2.86 38350 0.23"60°T O .90 34900
12 LTU75 7551 362.2 21800 2.89 36450 I 1 33900
13 L7550 8160 353.5 21274 2.61 35400 I 1 32300
14 .7508 8220 379.2 22823 2.77 37300 I 1 34400
15 T2 8188 418.5 25185 3.07 41400 I 1 38900
16 L7522 8275 407.8 24538 2.96 33000 I 1 30300
17 .7530 8367 400.5 24102 2.88 39950 I 1 36600
18 .75 w 8290 39G.2 24027 2.90 39600 I 1 36200
19 .Th 8528 B4 5 24945 2.92 41300 I 1 38200
20 .T480 8324 383.0 23049 m.mm 42000 I 1 39000
21 .T460 8330 399.0 24012 2. 36300 I 1 33900
22 .T498 8303 436.8 26287 3.16 35150 I 1 32500
2 .7512 8494 434 .2 26130 3.08 yyh00 I 1 40900
2 .7508 772 435.2 26193 3.37 44150 I 1 40700
25 .Th60 137 420.5 25306 3.11 42550 I 1 39800
26 .T435 8092 392.5 23621 2.92 37700 I 1 35500
Mean Mean Mean Mean
8100 23370 2.88 WWmmo
3190
High
40900
Low
28900
Range
12000

58




INDIVIDUAL TESTING RESULTS, ANNEALED TYPE I MIL-G-25667

TABLE 38

SAMPLE SIZE 3 x 13 x 3/16 IN., TESTING METHOD - BEAM LOADING - 4 AND 12 IN. SPAN.
TESTING MACHINE - INSTRON, LOADING RATE 4000 PSI/MIN.

Average Average Center Breaking Fracture Breaking
Sample Thickness Width  Tension Load Practure Origin Stress
No. in. in. psi 1b. Origin Factor psi
1 .1930 2.990 146 110.6 IC 1 11900
2 .1925 2.970 154 100.0 1.50" oC .63 6800
3 .1018 2.985 153 64.2 IE 1 7000
I .1915 2.995 146 56.8 IC 1 6200
5 .1915 2.980 141 104 .8 IC 1 11500
6 .1910 2.970 142 108.6 IE 1 12000
7 .1925 2.985 146 69.6 IC 1 7600
8 .1932 2.990 153 94.6 0.14" oc .97 9800
9 .1935 2.985 159 122.4  0.28" oC .93 12200
10 .194%0 2.980 157 88.8 0.13" oc .97 9200
11 .1948 2.985 146 121.8 0.17" OE .96 12400
12 .1950 2.990 153 120.4 IC 1 12700
13 . 1955 2.980 143 116.6 IC 1 12300
14 .1952 2.985 14y 125.2  0.26" oC .94 12400
15 .1950 2.995 153 138.4 IC 1 14600
16 .1908 2.990 153 100.0 0.75" oC .81 9000
17 .1915 2.990 1lig 117.8 0.78" OE .81 11100
18 .2005 2.985 157 138.4 IE 1 meoo
19 .2006 2.980 143 96.6 0.62" oC .85 200
20 .2003 2.985 153 om.m 1.92" oc .52 5200
21 .2001 2.985 131 104.0 Ic 1 10400
22 .1994 2.980 147 90.0 0.13" oC .97 8800
23 .1983 2.985 143 112.8 IC 1 11500
24 .1g24 2.990 142 121.2 1C 1 13100
25 .1918 2.985% 141 121.6 IC 1 13300
26 .1916 2.975 143 126.4 IC 1 13900
27 .1910 2.980 136 90.4 IE 1 10000
28 .1961 2.990 142 64.8 Ic 1 10800
29 .1963 2.985 139 118.6 0.08" oC .98 12200
30 .1964 2.980 143 149.6 IC 1 15600
31 .1966 2.990 143 130.2 IC 1 13500
Mean Mean Low
147 10940 5200
SD Range
2610 10400
High
59 15600




TASLL 39
INDIVILUAL TaSTING Ru3ULTS, 1/2 TiMPR var MIL~G-25067
SAMPLE 3I2. 3 x 12 x 3/16 H;.« T=3TING MoTiiOD - >m ﬁorcudo - 4 AND 12 IN. SPAN
TZSTING MaZHINL INSTAON, LOADING RATL %000 PSI/MIYN.

Average Average Center Average Surface Surface Breaking Praction Breaking
Samnle Thickness Width Tension DSR Compression To Center Load Fraction Origin Stress
No. in, in. psi Reading psi Ratio 1b. Origin Factor psi
1 . 10€4 2.00 B243 184.6 8702 2.0% 176.0 IE 1 18300
2 .10f5 2.08 N111 175.2 10547 2.5 216. 1E 1 22
3 . 105€ 2.08 %087 1%6.2 8801 2.1 201, IE 1 21300
n L1054 2.q08 obh uwm.o QWMm 2.10 191.6 IE 1 20200
5 .las2 2.9 oan 164, 2.%0 192.4 0.21" OE .95 ummoo
F .i910 2.9 928 158.8 wmma 2.42 223.% IC 1 24600
7 .1a0n 2.09 05 1585.2 m 2.2 177.% IC 1 19700
R .1061 2.98 ko 1k].2 m 2.0 200.0 1E 1 21000
Q . 1060 2.a8 o077 156.5 2.30 171.2 IC 1 18000
in L1018 2.98 3017 160.0 wamw 2.38 mmm.m IC 1 25800
1 L1060 2.9 K038 150.8 9072 2.2% 186.0 IC 1 19
12 .1nR) 2.0 023 154 .8 Muum 2,36 227.0 IC 1 23
13 . 1057 2.08 111 1%9.,2 oﬂm .17 209.0 1E l 22000
1k .la58 2.98 ao:w 159.0 m 2.35 202.0 IE 1 21200
15 .1a971 2.Q7 156.% m.mm 204.0 1E 1 21200
1F . 1958 2.00 160.8 omaa 2.%2 215.5 IC 1 22700
17 .uOmm 2.9 ummu 170.2 10246 2.60 193.2 IE 1 NOWOO
1R . 2.0 o87 156.0 9388 2.34 195.8 1E 1 2
10 . 108} 2.98 066 130.0 T Mm 1.91 201.0 Ic 1 21500
2n .1038 m.wm Ro3y 172.8 103 2.57 223.0 IC 1 23900
21 .Homu 2.00 5011 179.0 10772 2.67 226.5 Ic 1 24300
22 . 2.90 3968 1hs.2 871 2.19 223.0 IE 1 muwoo
23 .1a50 2.98 ummw 171.2 10306 m.wm 183.2 Ic 1 19400
2h L1031 2.99 5 130.8 8410 2. 253.5 0.70" OC .83 22500
Mean Mean Mean Nean
4030 9370 2.31 Mwm.wo
2080
High
25800
Low
. 18000
Range
7800

60




TadL.. 40
INDIVIDUAL ToSTING RESULTS, 3/4 TeMPER TYP. I MIL-G-25667
S.4PLe 312- 3 x 13 x 3/16 Id., ToSTING MeTHOD - BuAli LOADING = & AND 12 IN. 3PAN,
1030 ING NCHING = PN3TRON, LOADING ..nTL 4000 PSI/MIN.

Average Average Center Average Surface Surface Breaking Praction Breaking

Samnle Thickness width Tension DSR Compreasion To Center Load Praction Origin Stress

No. in, in, psi Reading psi Ratio 1b, origin Pactor psi
b . 1781 2.080 5340 171.0 10291 1. mom.o 0.21" oOC .95 20400
2 . 1081 2.985 5402 163.0 9809 1.81 228.0 IC 1l 24100
m .1051 2.680 5446 175.8 10777 1.93 260.,5 IC 1l 27600
. 1062 2.080 5276 187.5 11284 2.13 258.5 IE 1 27000

5 .la50 2.980 8272 184.0 11073 2.09 208.5 IC 1l 21900
F . 1060 2.980 526 198.2 11931 2.26 247.0 0.32" OF .92 mumwo
7 . 1082 2.980 8527 202.8 12201 2.30 196.5 IE l 20800
8 .10852 2.980 5510 180.0 10832 1.96 192.0 IE b 20300
0 .1ns0 2.980 5 mm 201.0 12096 2.22 197.0 ic 1 20700
10 . 195 2.980 5887 203.5 12247 2.22 244 .0 IC 1 25800
1n .10 2.980 5210 165.0 9930 1.90 176.0 b {p 1 18600
12 . 1082 2.080 5162 21%.2 12954 2.50 214.0 IE 1l 22800
13 1031 2.980 5410 210.2 12653 2.33 246.0 IE 1 26600
1k . 1982 2.080 53%0 222.5 uwmmo 2.50 230.0 IC 1 23600
15 . 1084 2.080 5427 190.2 11449 2.10 226.0 IC 1 23100
1F . 1080 2.080 521h 206.5 12427 2.37 2k4.0 IE 1l 25100
17 . 1048 2.9080 5289 177.2 10667 2.01 209.0 IE 1 22200
1R . 1akq 2.a80 5236 105.8 nuﬂmm 2.24 202.5 IE 1 21500
1n .loa7 2.980 mmmm 212.0 127 2.42 219.0 IC 1 23200
2n L1043 2.080 5289 202, 12186 2.29 243.0 IC 1 25900
21 .la7o 2.080 5307 202, 12201 2.25 288.5 IC 1l 29700
22 . 1082 2.080 5210 wmo.m 10802 2.06 214.5 IC 1 22000
23 . 1048 2,985 5303 185, 11157 2.06 253.5 » (o 1 26900
25 . 1080 2,480 5310 .202.2 12171 2.28 222.0 IE 1 mmmoo
25 L1061 2.a80 5308 226.0 13601 2.55% 253.5 IE 1 26600

Mean Mean Mean Mean

5320 11700 2.19 wmqmb

2750

High

29700

Low

18600

Range

11100

61




TABLE L1
INDIVIDUAL TuSTING RESJULTS, FULL TsMPER TYPE I MIL-G-25667
AMPLz SIZk 3 x 13 x 3/16 IN., Hmmauzm METHOD - BEaM LOADING - 4 AND 12 IN. SPAN,
TL3TING MACHINL - INSTRON, LOADING RATE LOOO PSI/HMIN,

Average Average Center Average Surface Surface Breaking Freaction Breaking
Ramnrle Thickness Width Tension DSR Compression To Center Load Praction Origin Stress
No. in, in, psi Reading _peil Ratio ib. Origin _Factor psi
1 . 1080 2.980 7723 275.6 16586 2.16 254.0 0.07" OF .98 25700
2 L1073 m.wmo qmaN mmm.o 17061 2.21 »wo.o IE 1 mwmoo
3 .1077 2.980 790 289.2 17h07 2.1 284.5 IE 1 29300
k- .1051 2.980 .Gmw mmm.m 16565 2.1 2s8.0 IE 1 27300
5 .1051 2.980 76 288.2 quwm m.wm 251.5 IE 1 2
'3 .laT2 2.980 T60M 322.0 1 2, 266.0 I 1 27600
7 .107 2.980 78ka 300.0 18054 2.29 251.5 O0.70" OE .83 21500
] .107 2.980 T73h 273.% um.wo 2.12 »N?m IE 1 27900
o .107h 2.980 TT08 2 m.m 17181 2.19 23%,0 IE 1 25200
1n .1a7» 2,080 7593 274, Hmmm; 2.17 mmm.o Ic 1 28500
11 .1978 2.980 76%0 301. 18154 2.36 264.0 1IE 1 27200
12 .la7s 2.a80 7670 291. qumm 2.28 296.0 0.3\ OE .92 2
1 .19qh 2.980 qmmm 297.2 17889 2.33 265.0 IE 1 26800
1 .2003 2.075 76 293.0 17633 2.29 mwm.o IE 1 25000
1% .2003 2, «Mum 251.2 15120 1.95 238.5 Ic 1 24000
1F .2005 2.080 66 mmo.m 15060 1.90 uow.o IE 1 30400
17 .1070 2.080 T754h 288.8 17377 m.mm 246.0 IE 1 2
1R . 1nFa 2.4a75 7804 28%.0 17091 2.1 257.0 IE 1 2
10 . 1067 2.a7T5 8717 286.2 17227 2.18 27h.0 1Ic 1 28600
2n .1070 2.980 7317 2a08.,2 17940 2.5 261.5 IE 1 26900
21 .1078 2.a80 7670 268.% 16152 2.10 2913.5 Ir 1 30200
22 .107 2.780 7808 302.5 18204 m.um 301.0 IE 1 31200
27 .107 2.80 7728 278.5 16760 2.1 253.5 IE 1 26200
Mean Mean Mean Mean
T700 17160 2.22 mwoxc
2190
High
31200
Low
21500
Range

i e i ir i i |




INDIVIDUAL TESTING RESULTS, ANNEALED TYPE I MIL-G-25667

SAMPLE SIZE 3 x 13 x 1/4% IN.

TABLE 42

TESTING METHOD

- BEAM LOADING - & AND 12 IN. SPAN,

TESTING MACHINE - INSTRON, LOADING RATE 4000 PSI/MIN.
Average Average Center Breaking Fracture Breaking

Sample Thickness Width Tension Load Fracture Origin Stress
No. in. in. psi 1b. Origin Factor vsi
1 .2438 2.99 170 138.4 IC 1 9300
2 .2435 2.99 183 154 .2 1IE 1 10400
3 .2438 3.00 179 157.1 IC 1 10600
i .2438 3.00 181 123.1 IC 1 8300
5 2425 2.98 200 152.3 IC 1 10400
6 .2393 3.00 166 148.4% 0.20" oC .95 9800
7 .2393 2.98 128 77.3 0.11" oC .97 5300
8 .2380 3.00 100 128.9 IC 1 9100
9 .2395 3.00 134 82.5 0.62" oc .84 4900
10 .2393 2.99 102 84.2 1E 1 5900
11 .2350 3.00 128 93.6 1E 1 6600
12 .2393 3.01 134 g2.3 IE 1 6400
13 .2395 3.01 109 156.0 1IE 1 10800
14 .2395 3.00 126 134.0 IC 1 9300
15 .2373 3.01 132 107.8 IC 1 7600
16 .2370 3.00 228 140.0 1IE 1 10000
17 .2398 3.00 164 106.8 IC 1 7400
18 .2405 3.00 94 159.8 IC 1 11100
19 .2360 3.00 113 130.3 IE 1 9100
20 .2400 3.01 132 170.7 1E 1 11800
21 .2398 3.00 109 167.0 0.49" oC .88 10200
22 .2395 3.01 117 147.0 0.54" OF .86 8800
23 .2430 2.00 176.2 ic 1 12100
2y .2405 2.00 12%.0 IE 1 8600
25 .2380 2.6¢ 149.6 IC 1 10609
26 .2385 3.00 140.0 1E 1 9800
27 .2380 3.00 133.2 0.37" OE .91 8500
28 .2385 3.00 154.2 IE 1 10800

Mean Mean

142 050

SD

1920

High

12100

~Hmo....4

sTelo)

63 et

$385°
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TaBLS 43
INDIVIDUAL T&STING RuSULTS, 1/2 TudPuR TYPe I MIL-G-25667
SAMPL. 3I2C 3 x 13 x 174 IN., TeSTING METHO -BeAM LOADING - L AND 12 IN. SPAN,
TZ3TING MaCHINz ~ INSTRON, LOADING RATc 8OO0 PSI/MIN,

Average Average Center Average Surface Surface Breaking Practure Sreaking
Sample Tnickness width Tension DSE Compression To Center load Fracture origin Stress
No. ___tm. = __in. = psi. heading _ psi. = _hatfo ___1lb.  _origin  _Pactor _R&l.
1 -2395 3.00 401 169.0 10170 2.53 289 IR 1 20200
2 .2390 3.01 N 140.5 8810 2.17 265 IE 1 p«m““
m -2393 3.01 3972 163.3 24 2.47 2 IB l 1
.2383 3.00 3813 puo.w 3 2.20 6 0.18" OB .96 »wwoc
S .2363 3.00 3887 133. 9 2.07 Ol ¢ 1 21100
6 .238 3.00 887 176.0 10471 2.69 306 Iz 1 mwwnw
7 .23 3.00 OMT 178.8 10757 2.66 290 13 1
8 .23 3.00 382 171. 10321 2.70 366 Ic 1 ~wnuw
? .2383 3.01 9 164. 9915 2.48 23 18 1 1
10 2386 3.01 07 17%. 10501 2.57 uw IB 1 2
11 .2393 3.00 L06 1l . 8711 2.14 270 IE 1 1
» .2385 3.00 L7749 155.3 9343 1.97 217 IC 1 1 woo
1 .m:ow 3.00 mwmo 165.0 9937 ».mu 20 Iz 1 22100
1% 237 2.99 7 162.8 979% 2.62 98 0.38" OB .90 19100
16 .23 3.00 W1sh 169.8 10216 2.46 259 1B 1 18100
1 236 3.00 802 pww.m 8034 2.11 297 0.76" OB .81 1
1 .2388 3.00 QOM 160.0 962 2.40 323 I 1 2
19 .2388 3.00 4207 153.0 20 2.19 327 IC 1 22900
20 .2385 3.00 3983 pm .w oV 2.06 32% 0.68" OB .83 19000
21 .2103 3.00 3909 161. 3l 2.18 www I 1
wm .2393 3.00 143 140. 0 2. 331 ¢ 4 1
.2390 3.00 4132 161.0 9689 2.34 281 B 1
25 .23060 3.00 3994 152.0 9147 2.29 281 IC 1
Mean Mean Mean
4030 9380 2.33

HE'sH R

6L




. Lasls W

. INDIVIDU., L ToSTING mbmcremn 3/ TLMPLR TYP. I MIL-G-25667

SAMPL.. SIZL 3 x 13 174 IN, TLSTING MOTHOD - Buall LOADING - 4 AND 12 IN, SPal,
TLSTING MaCHIN. - INSTRON, LOADING RaTe 8000 PSI/MIN,

_ iverage Average Canter Average Surface Surface Breaking Fractare Breaking
sample Thickness didth Tension WET: Compression To Center Load Fracture Origin Stress
No. = __ M. _in.  _psl = Readinz psi Ratdo = __Ab. _Origin  _Factor ___nmal
1 .wmoo 3.00 4899 1940 11674 2.38 247 Is 1 17900
2 . 2400 3.00 5346 .2103 1265 m.wq 29 1: 1 20500
3 . 2395 2.99 522 . 229 1379 2.6 37 0.31" 0: .92 24300
b .mqu 3.0¢ 521 .mww 12863 2.46 301 0.08" 0O& .98 21
N .238 3.00 4920 .1760 Hommm 2.15 249 0.2k  0c « 16400
.2380 3.00 5005 .1903 11Lk9 2.29 280 0,88 03 .78 15900
m .2LO 3.00 5293 .1850 1113 2.10 282 12 1 19500
.238 3.0C 5112 .186%5 112 2.720 278 ) 05 1 19500
P .2388 3.00 5378 .1835 11043 2.05 277 Ic 1 wm
10 2410 2.29 5187 . 2003 12051 2.32 38k 1B 1 SO0
11 L2410 3.00 5368 « 1573 11871 2.21 299 18 l 20300
12 .mumw 3.00 5304 L1915 11524 2.17 277 1 1 19500
13 .236 3.00 529 . 2150 12939 2. 323 13 1 23000
b .238% 3.90 553 . 2190 13179 2.38 259 13 1 18200
19 . 2408 3.00 5410 .Hmuw 11043 2,0k 336 12 1 23300
16 .mumm 3.00 SLY21 . 200 12081 2.23 296 12 1 20800
17 .238 3.01 5485 »1995% 12006 2.19 330 1s 1 23100
18 .2380 3.00 5261 . 1980 11916 2.26 315 12 1 22200
19 2410 3.00 51k .1913 11512 2.24 272 12 1 18700
20 .2380 3.0C 5133 1775 10682 2.08 327 ) 1 23100
21 . 2408 3.01 5112 .1913 11512 2.25% 313 1= 1 21600
22 . 2408 2.99 5048 . 2005 12066 2.39 286 13 1 19800
wm .m:cw 2.99 5208 .Hmwo 1173 2.25 277 074" 02 .82 15800
. 2394 3.00 5272 .1870 112 m.ww 291 1E 1 20200
25 .2188 3.01 5176 .2115 12728 2. 349  0.97" 032 .76 18500
Mean Mean ilean Mean
5230 11860 2.27 20350
SD
2630
High
26500
Low
15800
Range
107




fisle b5 1,-;-
INCIVIDUAL Te3TING RUSULTS, FULL TeilPLR TYPL I MIL-G-25667
SAMPLE SIZi. 3 x 13 x 1/b IN., TuSTING MuTHOD - BiaM LOADING - L AND 12 IN. 3PalN,
ToSTING MaCHINo - INSTHON, LO.DING RaTu 8000 PSI/NMIN.

Avarage Average Center Average Surface Surface Breaking Fracture Breaking
Sample Thickness Width Tension D3R Compression To Center Load Fracture Origin Stress
No, in. in. bl Readine __ psli = _Ratle = ___1b., = _Origin  _Factor  _ pal
1 +2395 3.01 7285 2€9.5 16218 2.23 320 12 1 22200 ;
2 2403 3.00 7125 292.%5 17603 2.47 348 12 1 24100 :
m .238% 3.00 7349 28%.3 1710 m.um 387 18 1 27200
.2365 3.00 7189 279. 1680 2.3 372 Ie 1l 26600
] .2395 2.98 7242 7. 16718 2.31 278 18 1 §
6 . md 3.00 7221 287.0 17272 2.39 ke ) 63 1
7 . 2.99 7380 258.3 - 15 2.11 390 b 1l 27200
g .2368 3.00 7370 263.5 15897 N.Hw »m_m ) & 1 20200
9 . 2390 2.99 7029 25%4.5 15316 2.1 3 1= 1 27700
10 . 2410 2.99 7199 25%7.3 15484 2.15 368 0.31" OR .92 2
11 .mf.w 3.00 7285 281.3 16929 2.32 380 1.18" 02 .70 1l
12 . .23 3.00 7306 ~mu.w 17049 m.ww 329 1= 1 22900
1 .2383 2.99 7412 290, 17500 2.3 375 0.5 032 .87 23100
1 .2395 2.99 7466 318.5 19167 2.57 300 12 1 21000
15 . 2373 3.00 7306 288. 17350 2.37 95 0.5 0= .86 24300
16 241 3.01 7459 300. 18102 2.43 17  0.93" 02 .77 21900
17 241 2.98 7583 29 .w 18012 2.37 339 IE 1 23400
18 .2368 3.00 7349 268. . 16176 2.20 7% 18 1 1
19 .2365 2.99 728 1.9 17542 2.1 391 12 1 28100
20 .2385 3.00 743 284.9 17121 2.30 312 ) & 1 21
21 .mumm 3.00 7455 284,90 17091 2.29 395 Ie 1l 27
22 . mm 3.00 7455 285.8 17199 N.mw 367 0.22" 03 9 24300
wm . 2.99 7487 300.8 18102 2.42 318 18 1 22200
.2385 3.00 7908 3.8 17982 2.39 352 ) ¢ 1 24800
25 « .2393 3.00 7498 288.5 17362 2.32 37?7 13 1 26300
Hean Mean Mean Mean
7350 17210 2.32 mw.\oo
2000
Hi
28100
Low




TABLE 46
INDIVIDUAL TESTING RESULTS, ANNZALED TYPZ I MIL-G-25667
SAMPLE SIZE 3 x 13 x 1/2 IN,, TISTING METHOD - BEAM LOADING - 4 AND 12 IN. SPAN,
TESTING MACHINZ - INSTRON, LOADING RATE 5000 PSI/MIN.

Average Average Center Breaking Fracture Breaking
Sample  Thickness Width Tension Load Fracture Origin Stress
No. in. in. psi 1b. Origin Factor psi
1 4958 3.00 228 700 I= 1 11400
2 4935 3.00 256 803 Ic 1 13200
3 .:omm 3.00 253 684 I8 1 11200
L L49k3 3.00 mmw 767 Ic 1 12600
5 .1950 2.99 249 746 Ic 1 12200
6 4960 3.00 256 799 0.84" 03 .79 10300
7 L4919 3.00 247 675 . Ic 1 11200
8 4920 2.99 249 7240 Ic 1 12300
9 4925 2.99 249 800 Ic 1 13200
10 4928 3.00 25 778 Ic 1 12800
11 4910 3.00 25 323 12 1 5400
12 4893 2.97 268 780 Ic 1 13200
13 4895 2.97 266 753 Ic 1 12700
14 4900 2.96 268 681 18 1 11500
15 4900 3.02 U5 737 IE 1 12200
16 4918 2.98 281 710 Ic 1 11800
17 .4898 3.00 262 661 15 1 11000
18 4928 2.99 264 891 Ic 1 14700
19 4933 2.97 - 990 Ic 1 16400
20 49095 2.98 258 673 Ic 1 11300
21 4905 2.98 258 952 0.08" 0f .98 9100
22 4908 2.97 266 772 Ic 1 13000
23 4900 3.02 - 918 18 1 Hmmoo
2L .4918 2.97 264 880 Ic 1 14700
25 4918 3.00 247 608 12 1 10100
26 4928 2.97 256 926 Ic 1 15400
27 4939 2.99 - 816 18 1 13400
28 .4930 2.97 - 960 Ic 1 16000
Kmms Mean
256 12410
SD
2260
High
16400
Low
5400
67 Range

11000




TABLE 47
cveme . JJINDIVINUAL TeSTING ReSULTS, 1/2 TEMPER TYP: I MIL-G-25667
SakPLi. 31Zk 3 x 13 x 1/2 IN., TuSTING McTHOD = SiiM LOWDING = aND 12 IN. SPAaN,
ToSTING MACHIN. - INSTRON, LOADING RaTL 5000 PSI/MIN,

Average Average Center Average Surface Surface Breaking Fracture Breaking
Saaple Thickness didth Tension DSR Compression To Center Load Fracture Origin Stress
Qs —dfla —dBa.. _Dsi = Readliog pal ~Batle = __1b, = _Origin  _Fasctor ___pal
1 Lf2s 3,00 L196 158.3 9523 2.27 998 ) (- 1 17100
2 L9085 2.97 L1326 161.0 9689 2.2 1352 0.30" 02 .92 21000
m 80 2.98 18 177.0 10652 2.41 1092 le 1 18500
L6195 2.97 L1371 180.3 10847 2.48 1216 ) O 1 20500
S LH95 2.98 30 183.5 11043 2.49 1184 Ic 1 1
6 900 2.98 :Nmo 184.0 1107 2.61 1124 Ie 1 18900
? L1733 2.98 wm 183.8 1105 2.53 1352 Ic 1 24300
8 695 2.98 8 160.5 9659 2.1% 129% Ic 1 21700
9 L8285 3.02 L 50 179 .0 10772 2.42 1416 lc 1 24,200
10 L7040 2.99 4307 187.3 11269 2,62 1180 Ic 1 21100
11 L85 2.99 L2266 173.5 10742 2.52 1184 Iec 1 19900
12 L0 2.99 (NWAR 173.3 10k 26 m.m: 1328 Ic 1 23100 !
1 L7 3.02 L4373 176.0 10592 2.k2 1218 Ie 1 21200 ;
1 L8600 3.03 3 pmq.m 78 2.15 p:mm Ic 1 24700
15 L4795 3.00 LLO§ 180.3 10847 2.46 1282 Ic 1 22300
16 L4620 2.98 437§ 189.0 11374 2.60 1220 Ic 1 20300
17 4798 3.02 5 181.0 1089 2.47 mwm Ic 1 17100
18 L1625 2.97 L1450 174.8 1051 2.36 1480 le 1 24700
19 N1 2.97 :uwm 160.0 9629 2.21 1316 Ic 1 21600
20 4930 2.96 1381 179.8 10817 2,47 1538 1.0 OB .75 19300 |
21 4503 2.99 4384 180.5 10862 2.48 1578 lc 1 2
22 L4923 2.97 4213 173. 1041 2.48 1256 Ic 1
wm N3 2.97 430 172. 10396 2,42 16 Ic 1 ?
G0 3.00 435 187.3 11269 2.59 1228 1c 1 “
25 14960 2.98 4371 173.3 10426 2.39 1468 Ic 1 24000
Mean Mean Mean Mean
4360 10570 2.42 mquo
2%10
Hy
(4
Low
17100
R )
1

6t
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faBLu bE
INUIVIL.LL TLSTING Ru3ULT3, 3/% TrMPuR TYPe 1 MIL-G-25667
SwfPL: SIZ. 3 x 1 x 1/2 IN., ToSTING M THOD ~ BrAM LOADING = L AND 12 IN. SPaN,
ToSTING MaCHIN. - INSTHON, LOAL:NG RATz 5000 -PST/MIN.

A average Average Center Average Surface Surface Breaking Fracture Breaking
cwavwa Thickness Widith Tension JSH Compression To Center Load Fracture Crigin Stress
10, o _dn.  _psi = Reading Dpsl _Hatio  __lb. = _Opigip  _Factor  __.pal
1 <4303 3.02 L7280 2.11 12698 2.66 1240 Ic 1 21400
2 L5 2.6 5378 2.00 Hmmma 2.24 1618 Ic 1 26800
m L4800 3.00 5306 2. 1tels3 2.72 pmmm lc 1 24300
L4803 2.99 5276 2.20 13255 w.mp 1648 lc 1 25200
5 L480C 3.02 €412 2.23 13435 2.48 1568 Ic 1 27100
6 L4798 3.06 523 2,11 12713 2.3 Huwm lc 1 23900
? L4808 3.03 527 2.31 13917 2.6k 1586 Ic 1 27200
Q 4938 2.97 5103 2.01 12081 2.37 1600 0. OC .90 23
9 4830 2.99 5267 2.02 12156 2.31 1384 ) € 1 23
10 L4808 2.99 5182 2.02 12156 2.35 1366 Ic 1 wmmoo
11 L8085 3.00 5208 2.41 14518 2.79 wwm: Ic 1
12 4835 3.00 5184 1.85 11148 2.15 1866 Ic 1 28500
1 4930 2.98 5760 m.uw 13977 2.43 2050 Ie 1 34000
1 4918 3,02 5L12 2.3 16323 2.65 1476 1c 1 24300
15 4848 3.02 593 m.mw 1352 242 1254 Ic 1 20800
16 L7260 3.02 5406 2.1 wupw 2.43 1608 Ic 1 28200
17 L4798 31.00 5299 2.16 1298L 2.45 1044 Ic 1 18100
18 L4905 3.00 5293 2.29 13751 2.60 1402 Ic 1 mmuoo
17 L4798 3.00 5306 2.01 12111 2.28 1432 0.15" 03 .96
20 L4793 3.03 5189 2.07 12427 m.wo 1184 lc 1 20400
21 8¢ 3,02 5246 2.31 13871 2.6k 1458 Ic 1 25100
22 80 3.0k 5225 2.18 13119 m.mw 1594 Ic 1 27300
wm JLB8 2.97 5250 2.13 12803 2. 1350 Ie 1 22800
L4878 3.00 5353 1.89 11389 2.13 1732 0.3 02 .92 26900
25 908 3.00 5363 2.32 13977 2.61 1174 Ic 1 19500
26 L7785 3.01 522 2.35 1157 2.71 1332 Ic 1 23300
27 L4805 3.00 52 2,16 12969 2.L? 1512 Ic 1 200
Mean Mean Mean Mesan
5290 13080 2.7 mwmoo
3230
High
34000
Low
18100




TaBLe L9
INDIVIDUAL TeSTING RuSULTS, PULL TEMPRR TYP: I MIL-G-25667
SAMPLe SIZ. 3 x 13 x 1/2 IN., TLSTING M:THOD - BcaM LOADING - 4 AND 12 IN. SPaN,
To3TING MACHINZ - INSTRON, LOADING RaTE 5000 PSI/MIN,

Average Average Center Average Surface Surface Breaking Practure
Sample Thickness Width Tenslion DSR Compression To Center Load Fracture Origin
Me. o do. . _in.  _pal  Reading ___pal = __Ratie = __1b.,  _Origin  _Factor
1 4890 2.97 8582 389.5 23440 2.73 1950 13 1
2 L9198 3.00 mmwm 363.2 21857 w.mw 1460 Ic 1l
m 1922 2.98 8388 317.5 19107 2.2 1596 ) €1 1
.L9Lo 2.97 8627 359.0 21605 2.50 1696 1z 1
5 L9l 2.98 8671 I7h.2 22519 2.60 1720 1 1
6 492 2.99 81484 384.8 23157 2.73 169% Ic 1l
7 4910 2.99 B492 324.0 19498 2.30 1760 Ic 1l
8 L1920 2.97 8825 335.0 20160 2.28 2000 0.09" 02 .98
9 L9k0 2.97 wo..n 340.8 20509 2.27 1814 IS 1l
10 1938 2.97 903 351.2 21135% 2.37 1778 Ic 1l
11 JLeohs 2.97 8720 337.5 20311 w.m.m 1716 Iec l
1 N mw 3.01 8633 370.0 22267 2.5 2130 lec 1
15 48 2.97 8595 372.2 22399 2.61 2160 0.25" OF <9
16 .488 2.97 860 388.2 23362 2.72 1962 Ic 1l
17 L8 2.97 861 36k, 21936 2.5 189%% 0.21" oC .99
18 L4880 2.97 8627 3 o.m 20431 ~.mq 1740 0.18* oC’ <96
19 R Ww 2.98 8637 345. 20810 2.1 192k Ie 1l
20 R 2.97 8437 337.0 20281 2.40 1610 12 1l
21 4925 m.ww 8552 342.9 20612 2.41 2240 Ic 1l
22 .:om,m 2.9 8609 6, 20852 2.42 2150 ) & 1l
w N-1H A 2.98 8750 381. 22977 2.63 1772 h 4 1l
.4888 3.00 mmmm 384.2 23121 2.67 2040 0.25" OC 9
25 4885 2.98 1 336.5 20251 2.34 2059 I 1
Mean Mean Mean
8640 21430 2.48
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TABLE 50
INDIVIDUAL TESTING RESULTS, ANNEALED TYPE I MIL-G-25667
SAMPLE SIZE 3 x 13 x3/4% IN., TESTING METHOD - BEAM LOADING - 4 AND 12 IN. SPAN,
TESTING MACHINE - INSTRON, LOADING RATE 5000 PSI/MIN.

Average Average Center Breaking Fracture Breaking

Sample Thickness Width Tension Load Fracture Origin Stress
No. in. in, psi -1b, Origin Factor psi
1 .7378 2.98 170 1060 1.56" OE .61 L800
2 . 7420 2.95 165 801 0.4 OE .90 5300
3 .7365 2.96 173 860 0.08" OE .98 6300
L .wmmm 2.95 173 618 1E 1 4600
) L7423 2.99 166 968 1E 1 7100
6 . 7400 2.93 170 1498 IE 1l 11200
m <7403 2.97 - 2744 I8 1 20200
.7395 2.97 17 1062 o0.32" o .92 7200
9 L7423 3.02 16 800 1E 1 5800
1C .7390 2.9% 170 611 1E 1 4600
11 L7425 3.00 - 1258 IE 1 9100
12 .7370 3.00 173 640 1E 1 4700
13 7425 2.9% 164 1038 o0.72" OE .82 6300
1k . 7403 2.97 172 893 IE 1 6600
15 . 7400 2.97 181 512 IE 1 3800
16 .7383 2.98 173 774 0.91"  OE .73 4400
17 .7385 3.01 180 730 1E 1 5300
18 .7398 3.00 - 543 1IE 1 4000
19 .7395 2.96 160 1141 1E 1 8500
20 .7390 2.92 163 771 0.53" () .87 5000
21 .7418 2.95 177 1510 2.31¢ OE 143 4800
22 .7388 3.01 176 859 o0.32" OE .92 5800
2 .7398 2.90 172 763 0.92" OE .77 LL400
2 .7388 2.94% 170 1380 1.02" OE 74 7700
25 . 7400 2.95 170 1236 1IE 1 9200
Mean Mean

171 6670

SD

3410

High

20200

Low

3800
Range

16400
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INDIVIDUAL TESTING RZSULTS,
SAMPLE SIZL 3 x 13 x 3/k IN.,
TESTING MACHINE -

Average Center
Sample Thickness Tension
No. in. psi
1l L7415 9568
2 . 7400 9504
3 L7415 9559
L 7410 9660
] <7415 9853
5 422 9762
7 c7h25 9951
8 L7422 9677
9 L7412 9402
10 .7388 9617
11 .78 9802
12 708 9551
1 ﬂ:un 9711
1 Vi 9687
195 R S 9602
16 L7402 9657
17 .w:wm 9571
18 .wmwm 9779
19 L7HL 9653
20 .7410 9677
21 7410 9745
22 L7440 9562
23 L7ULy 9660
2l .7390 @mmm
2 .7390 9
2 .7398 owyw
Mean
9640

Average
DSR

Rzsading

436.2
L4572.8
441.8
425,95
Lg5o,2

9.2
458.8
4L01.8
L66.2
Lok, 5
460.0
462.2
468.8
rmm
L89,
4h1.2
L22,5
481.5
426.5
Lo, 2
429.8
L452.0

7.0
459.0

420.
Lo2.

TABLE 51

FULL T3EMPiIR TYPZ I MIL-G-25467
TASTING MaTHOD - BiAM LOADING - 4 AND 12 IN. SPAN,
INSTRON, LOADING RATE 8000 PSI/MIN.

Surface Surface  Breaking Fracture Breaking

Compression To Center Load Fracture Origin Stress
psi Ratio 1b. Origin Factor psi
26254 2.74 5700 Ic 1 41900
27547 2.90 130 0.50" oC .88 32700
26585 2.78 710 0.18" ocC .95 32700
25607 2.65 4890 OE .91 33300
27216 2.76 5000 Ic 1 36600
27036 2.77 5320 1E 1 mmwoo
27608 2.89 6100 Ic 1 4800
24177 2.50 L4960 IE 1 36800
28059 2.98 4290 1E 1 31000
27954 2.91 4320 18 1 32600
276 w 2.82 4370 1E 1 32100
2781 2.91 260 1E 1 38100
28209 2.90 920 IE 1 36100
mmo:w 2.69 4960 Ic 1 35600
2942 3.06 4910 1IE 1 35700
momm: 2.75 5500 1E 1 41000
25426 2.66 5220 1E 1 38600
28977 2.93 5240 Ic 1 38900
25667 2.66 410 1E 1 38800
26615 2.75 840 1E 1 4900
25862 w.mm 5400 1E 1 100
27201 2.8 5400 0.38" 0OC .91 34900
26900 2.78 4000 0.10" OE .98 28500
27623 2.91 5840  0.25" OC . <94 uomww
3% 2-£2 20 e 1 34566
Mean Mean Mean
26830 2.78 wmmoo
umoo
LisB00

W
28500
Range
16300
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